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SEWAGE AND INDUSTRIAL WASTES 


CATALYTIC REDUCTION PROCESS* 
Accelerates Sludge Digestion to 
Boost Tank Capacity 


The CATALYTIC REDUCTION 
PROCESS is the only proved process 
for accelerating biological digestion. 
Originating in 1946, the PROCESS 
was developed, tested and verified over 
six years on both laboratory and plant 
scale. The results have been proven in 
full scale plant operation at the Co- 
lumbus, Ohio and Erie, Pennsylvania 
Sewage Treatment Plants. The PROC- 
ESS is now being installed in four 
other cities. 


DETAILS OF ONE TEST 

The CATALYTIC REDUCTION 
PROCESS applied to one 70’ tank 
at the Columbus Plant digested 3.3% 


times the quantity of sludge solids 
digested in a similar tank in parallel 
operation not using the PROCESS. 
The tank operating under the PROC- 
ESS produced a reduction of solids 
within established ranges, normal gas 
production and readily driable odor- 
less sludge. 


PREVENTS FLOATING 
DIGESTIBLE SOLIDS 


By providing accelerated digestion, the 
CATALYTIC REDUCTION PROC- 
ESS offers the only fundamental and 
satisfactory method for preventing 
deep surface accumulation (sometimes 
mistakenly called scum) of digestible 
solids that are symptomatic of in- 
adequate digestion. CRP simultane- 
ously accelerates and uniformly digests 
ALL digestible solids. 


Reports Available 


CAGO PUMP COMPAR 
“Send for Examples. Reports de- 


scribing the PROCESS in deal EQUIPMENT DEPARTMENT 
are also available on request. Write $22 DIVERSEY CHICAGO 14, ILLINOIS 


io Department H. 


Sere Peller, Plunger 
Variion! Hoo Cag 


*Patents Applied For 
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SEWAGE AND INDUSTRIAL WASTES 


REG. U. &. PAT. OFF 


A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, 
collection, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage- 
ment of such works 

PUBLICATION OFFICE 
Prince and Lemon Sts., Lancaster, Pa 


EDITORIAL AND EXECUTIVE OFFICES 
325 Illinois Bldg., Champaign, Ill, Send all manuscripts, advertising copy, subscriptions, address changes, etc. 


to this addreas 
SUBSCRIPTION RATES 


Members of local sewage works associations affiliated with the Federation, $5.00 per year. 

Non-members: U. §. and Canada, $7.50 per year; other countries, $9.00. (Foreign subscriptions must be accom- 
panied by International Money Order.) 

Single copies: United States $1.00 each; Foreign, $1.25 each 


CLAIMS 
No claims will be allowed for copies of Journals lost in the mails unless such claims are received within sixty 
(60) days of the date of issue and no claims will be allowed for issues lost as a result of insufficient notice of change 
of address. ‘Missing from files’ cannot be accepted as the reason for honoring a claim 


MAILING PERMIT 
Entered as second-class matter, May 7, 1934, at the post office at Lancaster, Pa., under the Act of March 3, 1879 
Accepted for mailing at the special rate of postage provided for in the Act of February 28, 1925, embodied in para- 
graph (d-2), Section 34.40, L. & R. of 1948, authorized October 4, 1945 


REFERENCE SERVICE 
Sewage and Industrial Wastes is indexed regularly by /ndustrial Arts Index and Engineering Index 
Microfilm copies of this Journal may be procured from University Microfilms, Ann Arbor, Mich. This service is 
limited to regular subscribers only 
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SEWAGE AND INDUSTRIAL WASTES 43a 


FLUSHING 
WATER SUPPLY 


Builders Model VTS4 Short Venturi Tube with continuous 
flushing system for metering solids-bearing liquids. 


BUILDERS 


Builders offers a unique service to 


CHRONOFLO SYSTEM 


ae sewage and industrial waste treatment 
for electrical transmission of flow 


information over any distance. 
Bulletin 230-K24. plants — the complete line of equipment 


BUILDERS VTS4 for metering liquid flows . . . from the 
Smet VENTURI TUsE Venturi Tube in the pipe line to the 


te, | f head, 
Bulletia 110-K11. Chronoflo metering instrument in the 


control panel. Find out about Builders 


BUILDERS CONTINUOUS k For Bulleti it 
FLUSHING SYSTEM metering “packages . For Bulletins, write 
. eliminates manuval cleaning, Builders-Providence, Inc., 368 Harris 
improves metering efficiency. Bul- , 
letin 110-G1. Avenue, Providence 1, Rhode Island, 


BUILDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, INC. Divot: 
ree 


(OOM FOUNORY © PROPORTION IMC. OMEGA MACHINE CO ote 


CON Teows 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
Paor, W. I AMUEL, Secretary 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Asan.” 
Quentin M. Mees, Sec-Treas 
721 N. Olsen 
Tucson, Ariz 


Arkansas Water and Sewage Conf.* 
De. Hare, Sec.-Treas 
c/o Southern State College 


Magnolia, Ark 


California Sewage and Industrial Wastes Asan 
C. Marrery, Sec.-Treas 
4822 N. Dunsmore Ave 


La Crescenta, Calif 


Canadian Institute on Sewage and Sanitation 
De. A. E. Beery, Sec.-Treas 
Administrat Office 
Greenville St 
Toronto, Ontario, Canada 


Central States Sewage and Industrial Wastes 
F. Sec.-Treas 
713 Chapman 5t 
Madison, Wis 


Dakota Water and Sewage Works Conf. 


North Dakota Section” 
Jenome H. Svore, Sec.-Treas 
c/o State Dept. of Health 
Bismarck, N. Dak 


South Dakota Section” 
E. Cart, Sec.-Treas 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, S. Dak 


Federal Sewage Research Assn. 
Keiru Keause, Sec.-Treas 
Room 4212A South HEW Bldg 
Washington 25, D.C 


Fiorida Sewage and Industrial Wastes Asan. 
M Dawkins, Sec.-Treas 
P. O. Box 210 
Jacksonville 1, Fla 
Georgia Water and Sewage Asen.* 
A. T. Srorey, Sec.-Treas 
i210 Hemphill Ave., N.W 
Atlanta, Ga 


(Germany) Abwassertechnische Vereinigung 
Ortro Sec.-Treas 
Theatersstrasse 24 
Bonn, Germany 


Institute of Sewage Purification 
Kensuaw, Sec 
Sew. Purif. Dept 
Cippenham Lane 
Slough, Bucks, England 


Institution of Sanitary Engineers 
Eenest V. Batsom, Secretary 
118 Victoria St 
Westminster, 8. W. 1, London, England 


lowa Sewage Works Asan 
L. F. Sxorczesxt, Sec.-Treas 
207 South 15th Ave 
Marshalltown, lowa 


Kansas Sewage and Industrial Wastes Assn 
Ronert H. Hess, Sec.-Treas 
Supt. of Water and Sewage Treatment 
City Building 
Wichita 2, Kansas 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assen 
S. Leary Jones, Sec.-Treas 
420 Sixth Ave., N., Nashville 3, Tenn 


Loulsiana Conference on Water Supply and 
Sewerage * 
Georce H. West, Sec.-Treas 
P. O. Box 15, Water Dept., Lake Charles, La 


* Sewage Works Section 


Maryland-Delaware Water and Sewerage Assn.* 
WwW Binciey, Sec.-Treas 
2411 N. Charles St., Baltimore 18, Md 


Michigan Sewage and Industrial Wastes Asan. 

D. M. Preece, Sec.-Treas 

Michigan Dept. of Health 

Room 334, Admin. Bldg., Lansing 4, Michigan 
Missourl Water and Sewerage Conf.* 

Warren Keamer, Sec.-Treas 

c/o State Office Bidg., Sixth Floor 

Jefferson City, Mo 


Montana Sewage and Industrial Wastes Assn. 
Harvey W. Tavior, Sec.-Treas 
Morrison & Maierle Inc 
Helena, Montana 
Nebraska Sewage and Industrial Wastes Assn 
LECHTENBERG, Secretary-Treasurer 
614 Standard Oi] Bldg., Omaha, Neb 
New England Sewage and Industrial Wastes 
Asan. 
Henry F. Munroe, Sec.-Treas 
75 Pine Avenue, Cranston 10, R 
New Jersey Sewage and Industrial Wastes 
Asean. 
Micmaet S. Kacnorsxy, Sec.-Treas 
P. O. Box 766, Manville, N 
New York Sewage and Industrial Wastes Asen. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plans, N. Y 


North Carolina Sewage and Industrial Waste 


W. E. Lone, Jr., Sec.-Treas 
Box 2091, Raleigh, N 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas 
301 Ohio Depts. Bldg., Columbus 15, Ohio 


Oklahoma Water, Sewage and Industrial Wastes 
‘onf.* 
Joun P. Smouse, Sec.-Treas 
State Dept. of Health, Oklahoma City 5, Okla 


Pacific Northwest Sewage and Industrial 
Wastes Asan. 
Water W. Saxton, Sec.-Treas 
408 Old Capitol Bldg 
Olympia, Wash 
Pennsylvania Sewage and Industrial Wastes 
Asean. 
B. S. Busnu, Sec.-Treas 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa 


Puerto Rico Water and Sewage Works Asean. 
Rosert J. Auto, Sec.-Treas 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 


Rocky Mountain Sewage Works Assn. 
Joun R. Peterson, Sec.-Treas 
376 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Asan.* 
T. A. Kors, Sec.-Treas 
1329 Ellison Rd., Columbia, S. C 
(Sweden) Fireningen Fir Vattenhygien 
Extx Jonsson, Secretary 
Box 5058, Stockholm 5, Sweden 
(Switzerland) Verband Schwelzerischer Abwas- 
serfachiecute 
Epuarp Hottncer, Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 


Texas Water and Sewage Works Asan.* 
V. M. Eucers, Sec.-Treas 
2202 Indian Trail, Austin, Tex. 


Virginia Industrial Wastes and Sewage Works 
san. 
L. Ja., Sec.-Treas 
415 W. Franklin St., Richmond 20, Va 
West Virginia Sewage and Industrial Wastes 
Asen. 
Gien O. Fortney, Sec.-Treas 
State Dept. of Health, Charleston, W. Va 
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SQUEEZE CONTROLLER 


Accurately Controls Flow 
of Sewage, Sludge, Trade Wastes 


For the first time, heavy viscous flows can be closely regulated without 
affecting the moving parts of the controlling device. This solves many 
problems . . . makes possible entirely new plant designs. 

The core of this unit is a time-tested venturi tube with a special throat 
section of flexible rubber. Differential pressure in the venturi is trans- 
mitted to a Simplex Type H Rate Setter which both measures and main- 
tains the flow desired. If flow tends to change, Type H Rate Setter 
actuates the motor-driven clamping device to adjust the flexible throat 
area... quickly returns flow to the control point 


Look at these advantages. A Simplex venturi tube, the most accurate 
form of primary device, does double duty, measures as it controls. The 
throat section is self-scouring. Viscous fluids contact no moving parts. 


Write for complete details today! 
Simplex Valve & Meter Company 
Dept. S12, 7 E. Orange St., Lancaster, Pa. 


SIMPLEX 


METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 


Texas Water and Sewage 
Works Asan 


Louisiana Conf. on Water 
Supply and Sewerage 


Arkansas Water and 
Sewage Conf. 
Kansas Sewage and 


Industrial Wastes Asan. 


Arizona Sewage and 
Water Works Assen. 


California Sewage and 
Industrial Wastes Asan 


Montana Sewage and 
Industrial Wastes Assn. 


New York Sewage and 
Industrial Wastes Asan 


New England Sewage and 
Industrial Wastes Asan 


Ohio Sewage and 


Industrial Wastes Treatment Conf. 


Central States Sewage 
and Industrial Wastes Asan 


lowa Sewage Works 
Assn 


Kentucky~Tennessee Industrial 
Wastes and Sewage Works Asan. 


Place 


Texas A. and M., 


College, 


College Station, 


Texas 


Louisiana State Univ., 


taton Rouge, La 


University of Arkan 


sas, 


Fayetteville, Ark 


Baker Hotel, 
Hutchinson, Kan. 


San Marcos Hotel, 
Chandler, Ariz. 


Mission Inn, 
Riverside, Calif. 


Finlen Hotel, 
Butte, Mont. 


Hotel Ten Eyck, 
Albany, N. Y 


Hotel Ten Eyck, 
Albany, N. Y. 


Deshler-Hilton Hotel 
Columbus, Ohio 


Kahler Hotel, 
Rochester, Minn. 


Hotel Waukonsa 
Fort Dodge, lowa 


Phoenix Hote! 
Lexington, Ky. 


Time 


March 6-11, 1955 


March 16-18, 1955 


March 21-23, 1955 


April 13-15, 1955 


April 14-16, 1955 


April 27-30, 19665 


April 28, 1955 


June 13-14, 1955 


June 13-14, 1955 


June 22-24, 1955 


June 22-24, 1955 


Sept. 7-9, 1955 


Sept. 12-14, 1955 


TWENTY-EIGHTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 


in conjunction with 

New Jersey Sewage and Industrial Wastes Association 
Ambassador Hotel, Atlantic City, New Jersey 

October 10-13, 1955 


at 
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YEOMANS presents 


tHe CAVITATOR. system 


for Municipal Waste Treatment 


STORAGE TANK 


} 
COMPRES6EORS 


SLUDGE RETURN RETURN 
SPR AGE STER CL 


One of the many possible arrangements is illustrated. The secondary 
treatment is teers by the Cavitator mechanism, a specially designed 
rotor with two arms mounted on a hollow shaft through which air is drawn 
for dispersion through the tank contents. The arms are streamlined with 
the outer ends so constructed that when they are passed through the liquid 
at relatively high speeds they create a zone of cavitation through which 
the liquid is bee. ove continuously. Air and liquid are drawn into the 
cavitation zone under vapor pressure conditions. As the bubbles rise they 
implode with such tremendous force that the pressure actually drives the 
oxygen into the tank. 


high oxygen transfer efficiency nap only 135 
cu. ft. of air per Ib. B.O.D. removed per day in the Cavi- 
tator System. 


~exceptional performance on relatively low flows with 
high B.O.D. 
low installation and operating cost with a high degree 
of purification. 


Primary clarification and digestion is accomplished in a single structure, 
the Spiragester. A Spiraflo is used for final clarification. 


Secure detailed information. See your local Yeomans > 
representative listed in the Yellow Pages of your telephone See following page 
book under “Pumps” or contact factory direct. for pe oa 


*A YEOMANS Tradename 


YEOMANS BROTHERS COMPANY 
1999-7 N. Ruby Street, Melrose Park, Illinois 


Manufacturers of: Distributors - Clarifiers - Digesters + Mechanical Aerators 
Pneumatic Sewage Ejectors ~- Centrifugal Pumps 
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SEWAGE AND INDUSTRIAL WASTES 


YEOMANS 


SPIRAGESTER 


CPFLUENT 


\W DIAGRAM 


Combination clarifier and sludge digester —for primary and secondary treat- 
ment is securing results like these: 


45% Removal of B.O.D.— 65% Removal of Suspended Solids — 
100% Removal of Settleable Solids. 


Solids removal is accomplished in the upper portion of the Spiragester 
by spiral downward flow of the influent, introduced tangentially into an 
annular race, and enters clarification compartment at bottom. Diffusion 
is slow, uniform 


Settled solids in the clarification section enter the digestion compart- 
ment, mix actively with digesting material and are attacked by organisms 
which stabilize the sludge. 


In the layout illustrated, secondary treatment is provided by a high 
capacity trickling filter and final sedimentation by a Spiraflo clarifier. 


Ask for Typical Case History Performance 
Data. See your local Yeomans representative listed 
in the Yellow Pages of your telephone book under 
“Pumps,” or write factory direct. 


YEOMANS BROTHERS COMPANY 
1999-7 N. Ruby Street, Melrose Park, Illinois 


Manufacturers of: Distributors Clarifiers Digesters Mechanical Aerators 
Pneumatic Sewage Ejectors Centrifugal Pumps 
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Long-wearing 


INERTOL. PAINTS 


specified in Elmira, New York, plant 


Sparkling protection was afforded chis big gas engine 
at Elmira’s Sewage Treatmenc Plant with Inertol 
Glamortex® Enamel All surfaces were first primed 
with Inertol Quick-Drying Primer No, 626, a top 
quality rust inhibitor which provides a perfect bond 
for the finish coats 


Easy maintenance of this bartery of sludge pump 
motors was achieved with Glamortex Enamel, Bat 
tleship Grey No. 331. This easy-to-clean paint stands 
up for years under oil spillage and fre 
quent cleaning 


abrasion 


Inertol Paints meet precise requirement of plant 
designed by Nussbaumer, Clarke & Velzy 


For top protection, Elmira’s Sewage Treat- 
ment Plant needed paints that would provide 
lasting durability, elasticity and chemical 
resistance. That's why Inertol coatings were 
chosen for this modern plant which was de- 
signed and constructed under the supervision 
of Nussbaumer, Clarke & Velzy. Inertol 
meets all these exacting requirements. For 18 
years, the city of Elmira has been using hun- 
dreds of gallons of Inertol Paints—bitumi- 
nous coatings as well as colored enamels. 


All over America, thousands of Inertol- 
painted installations speak for this paint’s 
What 
ever your specific painting problem is, there's 
sure to be an Inertol coating to solve it. Ask 
to have your local Inertol Field Technician 
call, Or write for our free “Painting Guide.” 
It's prepared especially for Consulting Engi- 
neers W riters 
neers lant Superintendents 
this valuable booklet today 


economical and efficient superiority 


Design Engi- 
Send for 


Specification 


and 


INERTOL CO., INC. 


482 Frelinghuysen Ave. 
Newark 5, N. J. 


27H South Park 
Sean Francisco 7, Calif. 
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THEY BOUGHT ON FAITH 


THOSE PRESENTS TT 


Hille de Hlontréal rity of 
service ‘Ces ic rit 


Montreal’s Century Club 
certificate is unusual be- 
cause it is bi-lingual. 


Photo: Ewing Galloway 


Montreal, world’s second larg- 
est French city, is a great in- 
dustrial and commercial center. 
This is a view of the business 
section, with Victoria Bridge in 
background. 
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139 YEARS AGO-THEY BUY 
ON PROOF TODAY 


MONTREAL installed cast iron 
water mains 139 years ago... 
and still installs them. 


‘Now, Public Works WoterWorks & Div. 


Montreal’s Public Works Department, and 
utilities in 60 other cities, bought and 
installed cast iron pipe for underground 
mains that have been in continuous service 
for more than a century. They bought on 
faith founded in good judgment. Today, 
they continue to buy cast “— pipe because 
they have proof—proof of the long life, 
dependability and tax-saving economy of 
this time-defying pipe. 


Cast iron pipe has been a rugged, long-lived 
product from the earliest days. Today’s 
modernized cast iron pipe, centrifugally cast, 
; is even stronger, tougher and more uniform 
= in quality. And, where needed and specified, 
% " it is centrifugally lined with cement mortar 
to assure sustained carrying capacity 


; ; This cast iron water main laid in 
throughout the long He of he pipe. Montreal in 1816 is still function- 
Cast Iron Pipe Research Association, ing after 139 years of continuous 
Thos. F. Wolfe, Director, service. 
122 So. Michigan Ave icago 3. 


The Check stencilled on pipe ls the Reyistered 
Service start of the Cast iron Pipe Research Association 


& FOR MODERN WATER WORKS OPERATION 
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PIPING SCHEMATIC 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipment incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe burning of the excess. 


GAS EQUIPMENT 
SPECIFICATIONS 


PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 
“VAREC” Fig. No. 440 
FLAME TRAP ASSEMBLY 
“VAREC” Fig. No, 450 
FLAME CHECK 

“VAREC” Fig. No. 52A 
EXPLOSION RELIEF VALVES 
“VAREC” Fig. No, 70-1 
WASTE GAS BURNER 
“VAREC” Fig. No. 236 
DRIP TRAPS 

“\ por Fig. No, 245 

“y AREC Fig No. 248 
(hand om rated ) 

MANOMETERS 

“VAREC” Fig. No. 216A 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap As designed to eliminate flame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC Flame Arresters listed by the 
JINDERWRITERS’ LABORATORIES for petro- 


leum product storage 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 
THE VAPOR RECOVERY SYSTEMS CO. 


COMPTON, CALIFORNIA, U. S. A. 
Cable Address: VAREC COMPTON USA (All Codes) 
New York, N.Y. © Botton, Moss. © Pittsburgh, Po. © Chicago, til. © Detroit, 


Mich. © St Lovis. M * Houston, Texas Tulsa, Obla. © Sen Froncisco, 
Coif * Seattle, Wesh * Minneapolis, Minn * Honolulu, Hewoll 


Available from authorized Sewage Equipment 
agents throughout United Stetes and Canada 
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Cities Cant Be Wrong 


+ 


++ 
FRONT CLEANED 
— il 
| +t BAR SCREENS ARE BEST 
tus? 


Yes, 220 cities with over 300 installations offer 
jm proof of the leadership of Rex Front Cleaned Bar 
Screens. For over 20 years, Rex Screens have been 
satisfying customers throughout the United States 
| and in many foreign cities. Here are some of the 
| outstanding proven features of Rex Screens that 
make them leaders in their field. 


1. Streamlined Construction—un- 5.Rex Z-Metal Chain and attach- 


obstructed flow to rack-guarded chain — ments —corrosion and wear resisting. 
str ad spr Lette 
6. Split Head Sprockets—easily re- 
2. Rigidly Fastened Bar Rack —bars movable. 
accurately spaced—no obstructing cross 
members. 7. Efficient Drive Unit—fully enclosed 


—shear pin protection against overload. 
3. Solid Plate Rake with machined 
teeth for positive cleaning of bar rack 8, Fully Enclosed Screen—rugged de- 
and greater capacity. sign—neat appearance easy removal of 
screenings. 
4. Positive Rake Wiping —quier— 


adjustable— prevents screenings carry- 9, Low Cost—original operating —main- 
over to downstream side. tenance. 


Your Rex Field Sales Engineer can give you the details on all of the ad- 
vantages of Rex Front Cleaned Bar Screens. Call him today, or if you 


prefer, write to Chain Belt Company, 4606 West Greenfield Avenue, 
Milwaukee 1, Wisconsin, 


Chain Belt company of miwauxee 
® 


Atlanta ¢ Baltimore * Birmingham ¢* Boston + Buffalo + Chicage ¢ Cincinnati 
Cleveland * Dallas * Denver * Detroit *« El Paso * Houston * Indianapolis 
Jacksonville * Kansas City * Los Angeles * Louisville * Midland, Texas * Milwaukee 
Minneapolis * New York * Philadelphia * Pittsburgh * Portland, Ore. * West Springfield, 
Mass. * St. Louis ¢ Salt Lake City * San Francisco * Seattle * — * Worcester 


Distributors in principal cities in the United States and abroa 
Export Offices : 4800 W. Mitchell St., Milwaukee; and 19 Rector St., New York City 


PRINTED in U. BA 
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CHLORINATION? 


Nothing—when you buy a Fischer & Porter 
Chlorinator. That’s true because fool-proof safety 
features are already engineered into this modern, 
instrument-type chlorinator. 
The F&P Chlorinator is instrument engineered 
from top to bottom to be absolutely safe in any 
emergency—and the safety features respond in- 
stantly. The mechanical design—without hy- 
draulic devices to introduce time lag—make this 
a certainty . 
In the F&P Chlorinator you can take a hammer and shatter 
the flowmeter tube—and the chlorinator shuts down instantly. 
In the F&P Chlorinator you can pull the flow 
setting needle valve right out of its socket—and the 
chlorinator shuts down instantly 
In the F&P Chlorinator you can shut off the ejector water 
supply while leaving the chlorine on—and the chlorinator shuts 
down instantly 
In the F&P Chlorinator a simple series of hand manipulations 
tests each safety component—or shows the reason for 
malfunctioning should it ever occur. 

These safety advantages are yours in the Fischer & Porter 
Chlorinator. They cost you not one penny more at the outset, since 
the F&P Chlorinator is lower in first cost. They avoid constant costs 

of repeated safety tests and checks. They assure you against high 
costs of repairs and maintenance. We don't put our safety 
_. devices under a bell jar—they are right out in the open 
a where you can see and touch them 
These engineered features—instrument-type 
engineering—make the F&P Chlorinator the safest 
ever built. And you get all these safety features 
plus ease of operation, dependability proven in over - 
600 operating units, complete corrosion resistance— 
everything you should have in a chlorinator— 
and you get them for even less cost in the 
initial purchase. Write today for full information, 
details on free trial offer, and absolute 
guarantee of satisfaction. 


process 
fai FISCHER & PORTER CO. 


1125 Fischer Read, Hatboro, Penna. 


NUFACTURING CHLORINE CONTROL EQUIPMENT 
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Link-Belt's new UNIFLOW 
tling tank can be gtilized for 
economical remove! of solids 
from water, sewage or indus- 
pete liquids. Uniflow tanks are 
equipped with Link-Belt Straight- 
fine Sludge Collectors which will 
remove sludge from the tank 

floor and scum from me vurface, 


LINK-BELT development offers new 
economies for water, sewage and 
industrial liquids treatment 


ITH its rapidly sloping bottom and multiple 
W effluent weirs, Link-Belt’s new UNIFLOW 


settling tank represents a big design advance. These, 
combined with the decreasing cross sectional area, 
provide uniform velocity throughout the tank. 
Result: Better settling conditions . . . low over- 
flow rate... uniform discharge from a large area 


Primary and final settling 
tanks at a small treatment 
plant are of the UNIFLOW 
design 


of the tank surface. In fact, on one New England 
experimental installation, UNIFLOW gave prac- 
tically the same efficiency in B.O.D. and suspended 
solids removal as a conventional tank with one- 
third more volume. 

The new economies possible with UNIFLOW 
are typical of the development work constantly 
under way at Link-Belt. If you have a water, sewage 
or industrial waste problem, our engineers will 
work with your engineers, chemists and consultants. 
They'll help you get the finest in modern treatment 
equipment. 


LINK. ony COMPANY: Executive Offices, 407 N. Michigan Ave., 
Chicago 1. To Serve Industry There Are Link-Belt 

Plants and Sales Offices in All Principal Cities. Export 

Office, New York 7; Canada, Scarboro (Toronto 14); 
Australia, Marrickville, N.S.W.; South Africa, Springs. 
Representatives Throughout the World Pe 


LINK: 


SANITARY ENGINEERING EQUIPMENT 


BELT 


steps up settling efficiencies . 
cuts construction costs 
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SLUDGE DISPOSAL SYSTEM 


heal for YO 


4 AIR COOLING 


vaPor van 


mixer 


FLY ASH wae - 


Only the C-E Raymond System of Flash Drying & Incineration offers the 
proved, practical flexibility which permits either flash drying sewage sludge 
to a marketable fertilizer ... or incinerating it to a sterile ash—in any pro- 
portion and under complete control. In either case, too, high temperature 
deodorization of stack gases may be included if you wish. 

This flexibility of the C-E Raymond System is an important reason why it 
is the most widely used heat method of sewage sludge disposal. In fact, the 
total daily capacity of C-E Raymond Systems installed, under construction or 
on order is nearly 50% more than all other beat methods combined. 

Furthermore, the C-E Raymond System has been proved in service in com- 
munities of every size—ranging in equivalent population from 6,000 to 
3,600,000 —and located in every section of the country, coast to coast. 

So, whatever your particular requirements, look to the leader for help in ‘ 
selecting the proper equipment. The services of a qualified engineer are 


freely available to you or your consultants. B-755A 


COMBUSTION ENGINEERING 


RAYMOND DIVISION 


1315 North Branch Street, Chicago 22, Illinois 


Eastern Office: 200 Madison Ave., New York 16, N. Y Western Office: 510 W. Sixth St., Los Angeles 14, Colif 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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SEWAGE AND INDUSTRIAL WASTES 


View of Southwest Sewage Disposal Plant, of the Sanitory District of 
Chicago, Stickney, Illinois .. where Clow Cast Iron Pipe was furnished 


fo meet exact requirements 


Clow cast iron pipe, fittings, valves 
and specials for sewage plant 
replacements or new installations 


@ James B. Clow & Sons with their many years of experience 
as manufacturers of Cast lron Pipe and Special Castings for 
Filtration and Sewage Disposal Plants know the difficult 
piping problems that continually face the sanitary engineer 
Clow shops are completely equipped with the latest machin 
ery. Clow’s skilled workmen will produce pipe and specials 
to your exact specifications. Pipe can be furnished flange and 
flange, Hange and bell, flange and plain end or with mechan 
ical joint and plain end—in sizes 3 through 24 inches in laying 
lengths up to 18 feet. 


CLOW (Threaded) Cast Iron Pipe 
Clow also manufactures (threaded) Cast Iron Pipe in steel 
pipe sizes 3 through 10 inches which has the same outside 
diameter as common steel pipe. This pipe can be cut, threaded 
and fitted on the job with ordinary tools of the piping trade. 


JAMES B. CLOW & SONS ~ Subsidiaries: 


Eddy Valve Co., Waterford, N. Y. 
201-299 North Talman Avenue * Chicago 80, Illinois lowa Valve Co., Oskaloosa, lowe 
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*This plont wos designed 
by Henry W. Taylor, 
Freeport, N. 


Serving some 450,000 reople, this plant provides an excel- 
lent example of the way larger communities are handling 
their refuse problems. Land-filling can no longer be tolerated 
in the suburban areas and should not be tolerated anywhere. 
Yet, there's no need to have an incinerator plant that's offen- 
sive to the nose and eye. Modern design and modern opera- 
tion take care of the nuisance factors. 


| 


For this Hempstead plant, we furnished four Morse Boulger 
Mechanically Stoked Furnaces for handling up to 700 tons of 
refuse per 24 hours. Waste heat boilers recover much of the 
heat and provide steam for two 1000 kw. turbo-generators. 
Our engineers also furnished the crane charging equipment, 
stacks, fly ash removal unit and ash removal conveyor. 


What we did to help in this Hempstead project we can do 
to help you...working with your sanitation engineer or your 
consulting engineer. The point to keep in mind is that your 
community, too, can have clean, efficient, nuisance-free 
refuse disposal in a modern incineration plant such as this 
Morse Boulger plant. 


MORSE BOULGER DESTRUCTOR CO. 


205-D EAST 42nd STREET ° NEW YORK 17, N. Y. 


i 
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Get All 


Rockwell-Nordstrom 
wrench operated valve 


Rockwell-Nordstrom 
gear operoted valve 


Rockwell No. 120 
pressure reguiator 


Rockwell No. 800 ciuminum cose 
large capacity sewage gos meter 


Rockwell No. 5 pressed steel case 


The Facts... 


How Rockwell-Nordstrom Valves 
Cut Costly Trouble on any sewage 
and waste treatment service... 


If you’ve ever had the problem of 
stuck, leaking or unreliable valves, 
the story of Rockwell-Nordstrom 
valves will make sense to you—and 
save dollars. A new 20 page book 
shows you all the ways Rockwell- 
Nordstrom valves—and other Rock- 
well products—can help in your sew- 
age or waste treatment plant. It’s 
yours for the asking. 

The tapered plug principle of Rock- 
well-Nordstrom valves, plus the many 
advantages of pressurized lubrication, 
have proven through the years that 
ordinary valves can’t compare with 
Nordstrom’s leak proof dependability 
and trouble-free operation. But that’s 
just part of the story. You'll be in- 


ROCKWELL-Nordstrom VALVES 


LUBRICANT SEALED FOR POSITIVE SHUT-OFF 


Rockwell Manufacturing Company 
Pittsburgh 8, Pennsylvania 


( Please send me Bulletin C-6200. 


Nome 


Address 


City 


( Please have your sales engineer call. 


terested, too, in the complete line of 
operating accessories such as chain 
wheels and water tight gear housings 
and many others that make Rockwell- 
Nordstrom the most versatile valve 
you've ever used. The new book also 
points out the numerous advantages 
of Rockwell regulators and sewage 
gas meters that are designed especially 
for your services. 

We'll be glad to send you a com- 
plimentary copy of this valuable new 
book, Rockwell Products for Sewage 
and Waste Service. Just send the 
coupon below. 


Canadian Valve Licensee: Peacock 
Brothers Limited 


> 
2 = 
moe 
a 
a 


60a SEWAGE AND INDUSTRIAL WASTES 


A plant is rebuilt for 
WITH MODERN 


A population growth of nearly 30% in the last 
10 years (now 36,000), rendered Enid’s 1928 
sewage treatment plant obsolete, City leaders 
looked far ahead in approving plans for a vastly 
improved system—a plant designed to permit 
doubling its capacity with a minimum of cost 
and effort! 

Assisting the engineers in meeting specifi 
plant requirements, PFT supplied the following 
equipment for modern “controlled digestion.” 

Iwo PFT Floating Covers for the 70’ di 
gesters, The covers provide positive scum sub 
mergence for accelerated digestion and to safely 
utilize gas produced in the digester. 

lwo PFT Cover Position Indicators with low 
level alarms to allow checking of the liquid 
level in each digester from the operating floor 
of the control building 

Iwo PFT Supernatant Selectors (with Gauge, 
Sight Glass and Sampler units) for continuous 
withdrawal of the best digester liquor. 

A PFT Heater and Heat Exchanger (750,000 
B.T.U. per hr.) to keep digesters at optimum 
temperatures, Fired by sludge gas or natural 
ga the unit saves fuel costs by utilizing all 
sludge gas produced, changing to natural gas 
only when necessary 

A PFT Gravity Displacement Type Lou 
Pressure Gas Holder for compressor control 


In addition, PFT supplied many items of gas 


PORT CHESTER. N.Y. © GAN MATEO, CALIF, « 


expandable treatment 
PFT EQUIPMENT 


safety equipment: Waste Gas Burner; Flame 
Traps; Pressure Relief with Waste Gas Flame 
Trap; Auxiliary Flame Cells; Accumulators; 
Drip Taps; Gas Pressure Gauge; Low Pressure 
Gas Check Valves. 

PFT assures the successful operation of its 
equipment by checking each installation and 
instructing plant operators in the proper 
methods of using its equipment 


Destgn of 


jk ahoma Clly, Archttect engineer 
plant by Ok ahoma Clty, Arch Eng : 


/ Hudgins, Thompson & Bal Assoctates, 
Bernal H. Swab, Santiary Engineer 


PFT 
Heater 
and heat 
exchanger 
unit 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


424) Ravenswood Avenue 
Chicago 13, Illinois 


CMARLESTON, N.C. JACKSONVILLE © DENVER 
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Pockwell No. 5 pressed steel case 
sewage gor melee, 


City. 
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New Process 
that Cuts Sewage 
Sludge Volume 


50% 


The Dorrco Densludge Process is a new 
means of producing a thicker sewage 
sludge in both primary and secondary 
treatment plants. It reduces sludge vol 
ume by as much as 50% —-substantially 
simplifying digestion and disposal 
problems 

More specifically, these greatly re 
sludge volumes mean propor 


duced 
new 


tionately smaller digesters in 
plants and increased digester capacity 
in existing plants. They mean lower ini 
tial costs for digesters in new construc- 
tion and plant expansion alike. And 


/ 
ead 


WORLD - WIDE RESEARCH 


Densludge eliminates digester super- 
natant, reduces digester heat require- 
ments and improves suspended solids 
removal in the primary clarifier as well 

Bulletin #6260 describes how the 
process works, gives average operating 
results on three types of sewage sludge 
and covers the Dorr Densludge Thick- 
ener the equipment key to the proc- 
eas. We'd like to send you a copy 
without obligation, of course 

Write to Dorr-Oliver Inc., Stamford, 
Connecticut, or in Canada, 26 St. Clair 
Avenue East, Toronto 5. 
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Sewage Works 


LOADING TO FAILURE OF A PILOT HIGH-RATE 
DIGESTER * 


By N. Torpry 


Engineer of Treatment, Bureau of Sewage Disposal Operation, Department of Public Works, 
New York City, N. Y. 


In a previous paper (1) the writer 
has described the full plant-scale diges- 
tion of thickened combined primary and 
activated sludge at the Bowery Bay 
sewage treatment plant in New York 
City. Raw sludge volume was reduced 
by a combined thickening process to 
the same quantity as was formerly 
produced after digestion in an ade- 
quate conventional two-stage system. 
The plant sludge was satisfactorily 
digested in a tank providing 0.5 cu. 
ft. per capita. Further increases in 
loading rates could not be attained 
in this full-scale operation, since the 
entire solids capture of the plant was 
being applied to the irreducible mini- 
mum of one digester. It became ap- 
parent that in order to investigate 
higher loading rates, a pilot-plant in- 
stallation would be required. 

The operation of such a pilot would 
afford the opportunity to study sludge 
digestion under gradual increases of 
load until the process failed. The per- 
formance of the plant digester could 
be compared with that of a similarly 
loaded pilot unit whose operating vol- 
ume would be effectively utilized by 
positive mixing of its contents. 


Description of Pilot Digestion 
System 


A pilot digestion system was there- 
fore installed and placed in operation 
at the Bowery Bay plant. A schematic 
diagram of this equipment is shown in 
Figure 1. 
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Thickened combined primary and 
activated sludge (2) was fed to the 
pilot high-rate digester. It consisted 
of a 21-in. diameter, 36-in. high steel 
tank equipped with a mechanical 
stirrer and internal hot-water coils. 
The digesting sludge volume was main- 
tained at 6 cu. ft. 

Sludge was displaced to the ‘‘re- 
sidual gas extractor’’ for converting 
the remaining gasifiable material es- 
caping the high-rate digester. For the 
first part of the run the residual gas 
extractor was an unheated unstirred 
steel drum having a sludge volume 
essentially equal to that of the high- 
rate unit. For the last quarter of the 
investigation, this tank was replaced 
by a heated stirred tank of the same 
dimensions as the digester and is the 
unit shown in Figure 1. 

Sludge from the extractor overflowed 
into a sludge receiver through an 
adjustable hose. The setting of this 
hose controlled the level of sludge in 
the tanks. Connections were provided 
for sampling the sludge leaving both 
the high-rate digester and the residual 
gas extractor. 

Gas generated in each unit was 
measured by individual wet-test meters. 
Sampling cocks were provided on each 
gas line. Condensate was removed by 
means of a trap in the gas line. 

Hot water from a thermostatically 
controlled reservoir was pumped 
through the heating coils of the tanks. 
The volume of the circulated heating 


igs 
> 
; 
4 
44 
3 
: 
£ 
all 
: 
: 
= 


122 SEWAGE AND INDUSTRIAL WASTES 


February, 1965 


a 


it v LER 


{7 
rower 
Ly veto 


= 


HOT-waTER HOT-WaTER PILOT HIGH-RATE 
RESERVOIR PuMP OIGESTER 


FIGURE 1.—Schematic diagram of 


water was controlled by means of an 
adjustable time clock on the power 
supply to the pump so as to maintain 
a digester temperature between 90° and 
100° These temperatures were 
measured by dial thermometers in 
serted into wells in each tank 


Experimental Routine 


Much consideration was given to the 
selection of a method of adding raw 
sludge to the digester to provide a high 
frequency of feeding. Such a method 
would necessarily have to be practical 
and reliable It was decided that 
manual feeding by the plant operating 
force would afford an effective means 
of satisfying these considerations 

Kach day a large sample of the 
thickened combined primary and acti 
vated sludge was obtained from the 
thickening tanks, divided into 12 equal 
portions, and stored under refrigera 
tion. These were manually poured 
into the feed well at 2-hr. intervals, 
seven days a week, without interrup 
tion, for more than seven months. 

The daily routine ineluded checking 
the heating and stirring equipment, 
recording temperature and gas produe- 
tion data, measuring the volume of 
displaced sludge in the sludge receiver, 
and collecting samples for analysis. 

These samples included a representa 


—qd 


s.uoce 


RESIDUAL GAS SLUDGE 
EXTRACTOR RECEIVER 


pilot high-rate digester equipment. 


tive portion of the raw sludge feed, 
a grab sample of the sludge leaving 
the high-rate digester, and a portion 
of the sludge in the sludge receiver. 
Every morning these samples were 
analyzed for total solids, volatile mat- 
ter, pH, liquor alkalinity, and volatile 
acids. The volatile acids and the pH 
determinations on the sludge leaving 
the residual gas extractor were per- 
formed on a grab sample to avoid 
changes on standing. All volatile 
acids determinations relative to the 
pilot plant were performed in accord- 
ance with the procedure outlined in 
‘Standard Methods’’ (3) using a 
Kjeldahl distillation flask with rubber 
stopper to prevent leakage. The alka- 
linity concentration was measured po 
tentiometrically on liquor centrifuged 
from the sludges. The pH was de- 
termined potentiometrically on the 
grab sludge samples. 


Plan of Experiment 


It was intended to start the pilot 
digestion system under the same op- 
erating conditions as those prevailing 
in the plant. The pilot high-rate and 
the residual gas extractor units would 
be filled with sludges from the corre- 
sponding plant digesters and pilot tem- 
peratures adjusted to the same range 
as those in the larger units. The pilot 
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installation would initially be oper- 
ated at a feed rate matching the nomi- 
nal displacement period of the plant 
digesters. When a satisfactory bio- 
chemical equilibrium was established 
in the pilot tank, a program of in- 
creasing the feeding rates would be 
started Thus, after operating at a 
given rate for sufficient displacement 
periods to demonstrate stability at that 
feed level, the load would be progres 
sively increased until, eventually, a 
loading rate would be reached at which 
failure of the digestion process would 
be attained. In this way, the effect of 
load increases on the performance of 
the high-rate digester could be ob 
served until failure was realized 


Pilot Digester Operation 


The operation of the pilot digestion 
system was started on June 17, 1953. 
At this time, the displacement period 
of the plant high-rate digester aver 
aged 14 days. The pilot unit was fed 
at that rate. Table I describes the 
nature and quantity of the raw sludge 
added to both the pilot and plant di 
gesters. The initial rate of feed was 
continued for two weeks, constituting 
Period 1. During July, raw sludge 
pumpage increased, which resulted in 
lowering the plant digester displace 
ment time to 11 days. The pilot load 
ing was accordingly increased for Pe 
riod 2 to approximate that detention 
This rate was maintained for a month, 
equivalent to about three turnovers of 
the digester contents at a displacement 
of 10.3 days. For these two periods, 
the pilot loading rate averaged 0.27 
and 0.28 lb. of dry solids per day per 
cubic foot of digester volume. 

At this time, the program of progres 
sively increasing the loading rates on 
the pilot digester was begun, whereas 
the plant loading rate remained es 
sentially constant. By this procedure 
the pilot displacement time during Pe 
riod 3 was lowered to 8.3 days while 
the selids loading rate was increased 
to 0.37 lb. per day per cubic foot. The 


February, 1955 


pilot digester operation remained 
stable at this loading for about two 
displacement periods, after which the 
feed was again increased. This pro- 
cedure was followed, step by step dur- 
ing Periods 4, 5, 6 and 7, with opera- 
tion at any given loading level being 
continued for at least five displacement 
periods to insure that process equilib- 
rium was being maintained at these 
increasingly critical rates of feed. 

During Period 7, the pilot was re 
ceiving 1.15 lb. per day of solids per 
cubie foot, at the low displacement of 
3.2 days. After about eight turnovers 
of the contents, analytical results in- 
dicated that process stability remained 
unaffected during the course of that 
period 

As may be seen in Table I, Periods 
4, 9 and 10 represent displacement 
times under three days and loading 
rates up to 1.5 lb. of solids per day 
per cubic foot. At these higher rates 
of feed, failure of the digestion process 
occurred, fulfilling a main purpose of 
the experiment. Data for these critical 
periods are recorded in the form of 
5-day averages. The course of events 
during this time of rapid change in 
digester performance is discussed later 

At the end of Period 10, the pilot 
digestion process was in a state of 
deterioration. Gas production was 
rapidly decreasing. It was therefore 
decided to lower the rate of feed. At 
an average displacement of 14.3 days, 
the pilot digester slowly recovered un- 
til, after about three weeks, normal 
performance was reestablished. The 
average conditions during this time of 
recovery are represented by Period 11, 
at the end of which this investigation 
was brought to a close. 

The last line in Table I presents the 
average operating conditions for the 
plant high-rate digestion system dur- 
ing the total time of the pilot experi- 
ment. In this way the plant digester 
performance can be evaluated in com- 
parison with the pilot unit, which was 
operated at solids loading rates up to 
six times as high. 
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A hown in Table I, there is a 
easonal variation of the raw sludge 


oncentration and the percentage of 
Olatile matter in the dry solids. When 
ewage temperatures were high, from 


July through October, solids concen 
tration decreased to about 4.5 per cent 
while the volatile content decreased to 
as low as 67.7 per cent during August 
This fact, together with the decreased 
plant gas production during those hot 
ter months, indicates a specific loss to 
he sludge of the gasifiable volatile 


matter Traction 


Results of High-Rate Digestion 


The performance ol the pilot di 
gester under the foregoing loadings is 
hown in Table I], which presents the 
data relating to the sludve leaving the 
digester and to the gas production 

This table reports the actual gas 
production data for the high-rate di- 
gester and the residual vas extractor 
Since the total quantity of gas pro 
duced depended upon the sludge de 
tention, the data were related to a 
common base; namely, an over-all de 
tention of 30 days. This base was 
chosen only because it happened to be 
essentially that of Period 1. The re 
sidual gas extractor production, desig 
nated as ‘‘Gas Lost, Measured,’’ was 
therefore used to estimate the gas that 
would have been produced in an ex 
tractor of such size as to make the 
over-all detention of the system 30 
day In these calculations an average 
digestion index of 100 per cent per 
day was assumed These corrected 
values, represented by ‘‘Gas Lost, Est 
Total’’ plus the high-rate digester gas 
production, constituted the total avail 
able gas The proportion that the 
high-rate digester vas production bears 
to the total available was caleulated 
and expressed in per cent 

The estimated total gas lost was then 
used in calculating the digestion index, 
previously developed as a measure of 
the efficiency and velocity of digestion 
1). The digestion index was used to 
measure the rate of conversion of the 
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potentially gasifiable matter in the 
high rate digester. Thus, a digestion 
ndex of 120 per cent per day would 
mean that the quantity of gas produced 
in a day is equal to 120 per cent of the 
quantity of gas potentially available 
at any moment in that tank. The 
digestion index may be expressed as 


Digestion Index (°% /day 100 
q 


in which Q is the daily sludge volume ; 


V is the nominal digester volume, G 
is the daily gas production of the di 
rester; and g is the gas available in 
the sludge leaving the digester, as pro 
duced by a residual gas extractor of 
sufficient size 

The digestion index remained es- 
entially constant between 90 and 140 
per cent per day while the detention 
period varied from 2.9 to 14 days. 
Apparently the rate of conversion of 
solids to gas was dependent upon the 
environment, and independent of the 
detention time, during those periods 
when the process operated with stabil 
itv. These values of digestion velocity 
indicate the solids were converted to 
gas in a matter of hours rather than 
months 


Comparison of Plant and Pilot 
Digesters 


The criteria previously described can 
be used to compare the efficiencies of 
the plant and pilot high-rate digesters 
during Periods 1 and 2 when the nomi 
nal detention times were equal. Dur 
ing these periods, the pilot high-rate 
digester produced 93 and 92 per cent, 
respectively, of the normally available 
was, whereas the plant unit produced 
only 83 and 85 per cent 

This comparatively lower gas pro 
ducing efficiency of the plant unit can 
be evaluated by the respective digestion 
indices. That is, while the pilot unit 
had an average digestion index of 100 


per cent per day, the index for the 
plant digester was but 41 per cent 
Since the environmental factors of tem- 
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perature, pH and raw sludge compo- 
sition were the same for both systems, 
it appears logical to assume that the 
inherent 
equal, 


velocities of digestion were 
Therefore, in order to explain 
this difference in digestion index, the 
relative utilization of the 
digester volume should be considered. 


degree of 


By this reasoning, the comparison in 
dicated that the plant digester effee- 
tively used but 41 per cent of its vol- 
ume as compared to the pilot digester, 
based on their respective digestion in 
dices 

The foregoing comparison was made 
between two digestion systems operat- 
ing at the same nominal loadings. It 
would be interesting, therefore, to com- 
pare these digesters on the basis of 
the producing — efficiency. 
Thus, during Periods 5 and 6, accord- 
ing to plant records, the plant tank, 
at an average displacement of 11.8 
days, was producing 84 per cent of the 
available gas. Interpolating the data 
for Periods 5 and 6 (Table II), it 
appears that the pilot unit was simul- 
taneously operating with the same gas 
producing efficiency of 84 per cent 
when the sludge detention time was but 
4.2 days. On this basis, the plant di- 
gester was 4.2/11.8 or 36 per cent as 
efficient as the pilot unit in regard to 
tank volume utilization. These two 
methods of evaluation, based on gas 
production, are in reasonable agree- 
ment and indicate an average effective 
volume of 38 per cent for the plant 
digester. 


same 


as 


Confirmation of this low degree of 
tank utilization was obtained by com 
paring the alkalinity concentrations of 
the pilot and plant digesters. Operat- 
ing with the same sludge at the same 
time, it was found that the alkalinity 
concentrations of the sludge liquor in 
the pilot and plant units were the same 
when the pilot detention was 37 per 
cent of the nominal plant detention. 
When 


pilot detentions were greater 
than 37 per cent of the plant, the 
pilot alkalinity concentration was 


higher than the plant. When pilot de- 
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tentions were less than 37 per cent of 
the plant, the pilot alkalinity concen- 
tration was lower than the plant. 

A salt displacement test made in the 
plant tank indicated an effective tank 
utilization of 33 per cent. This salt 
test, together with the alkalinity com- 
parison, served to independently cor 
roborate the foregoing findings with 
respect to the low degree of plant tank 
utilization. From these data, it ap 
pears that the plant digester, if pro 
vided with means for effective mixing 
of its entire volume, could handle up 
to three times the present loading rate 
without any corresponding loss of gas 
producing efficiency. 


Effect of Load Variation on Per- 
formance of the Pilot Digester 


The data presented in Tables I and 
Il cover quite a wide range of loading 
of the pilot digester. The unit was 
started at a displacement period of 
14 days and 0.27 Ib. of solids per day 
per cubic foot of volume. The loading 
was progressively increased until fail- 
ure occurred at 2.6 days displacement 
and 1.5 lb. of solids per day per cubic 
foot. Between these limits there were 
marked changes in the performance of 
the pilot high-rate digester based on 
factors indicating the accumulation of 
undigested material. 

After examination of Table II, three 
such factors were selected. One of 
these volatile content of the 
sludge solids leaving the high-rate di- 
gester. Since the ash concentration of 
the raw sludge was substantially con- 
stant, any marked increase in volatile 
content represented undigested solids 
Associated with the transfer of this 
undigested material was the second fac 
tor—namely, the proportion of gas lost 
by the high-rate digester. This gas 
loss was obtained by subtracting from 
100 per cent the value in Col, 15, Table 
Il. The third factor was the concen 
tration of volatile acids in the liquor. 

Figure 2 indicates the relation be 
tween the displacement period and 
these factors; that is, volatile content, 
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FIGURE 2.—Pilot high-rate digester performance vs. displacement period. 


vas loss, and volatile acids concentra- 
tion. These three relationships appear 
to be essentially similar. Each curve, 
as the displacement period decreases 
from 14 to about 5 days, shows a small 
linear rise, indicating an extremely 
limited response to this large increase 
in loading. On the basis of these 
curves, it appears that little benefit 
would be derived from extending the 
detention period beyond 5 days. Thus, 
at 5-day detention, Figure 2 indicates 
a gas loss of 12 per cent of the quan- 
tity normally available from a 30-day 
system. If the digester volume were 
doubled, that is, increasing the deten 
tion time to 10 days, about 3 per cent 
more gas would be produced. At 15 
days detention, an additional incre- 
ment of only 3 per cent would be 
realized, 

On the other hand, as the detention 
time decreased below 5 days, the curves 


begin to rise rapidly, indicating sig- 
nificant accumulation of undigested 
material in the high-rate digester. At 
four days detention, the gas loss in- 
creased to 16 per cent and at three 
days to 25 per cent. Although there 
was a definite loss of gas producing 
efficiency between 3 and 5 days sludge 
detention, the process operated with 
essential biochemical stability between 
those detention times. 

However, at detentions below three 
days, the high-rate digester rapidly ac- 
cumulated load as it approached com- 
plete process failure. At 2.6 days 
detention, digestion was failing so fast 
that process equilibrium was lost. 
This zone of instability is represented 
by dashed lines in Figure 2. 

It should be noted that the pH and 
alkalinity production of the digesting 
sludge were not affected by the wide 
range of variation in digester deten- 
tion. The pH remained substantially 
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constant during the course of the ex- 
periment. The alkalinity appeared to 
depend mainly on the concentration of 
the volatile matter in the raw sludge, 
with approximately 0.10 1b. of alkalin- 
ity being generated during both thick 
ening and digestion for each pound of 
volatile matter added. 


Performance of Residual Gas 
Extractor 


After passage through the high-rate 
digester the digested sludge was held 
for an equal detention period in the 
residual gas extractor, which was in- 
stalled for the purpose of measuring 
the unfinished digestion. 
duction of the extractor 
Table Il as ‘‘Gas Lost, Measured”’ 
from the high-rate digester. With re- 
spect to the recovery of the residual 
gas, the extractor appeared to be quite 
efficient. For example, during Periods 
7 and 8, at an average detention of 
three days in both the high-rate di- 
and extractor, the first unit 
produced 76 per cent of the available 
vas and the second unit about the same 
proportion of the remainder. Thus, 
with an over-all detention of six days, 
the combined system recovered 95 per 
cent of the gas. On the other hand, 
a single high-rate digester would re- 


The gas pro- 
is shown in 


ester 


TABLE III.-Sludge Characteristics of 
Residual Gas Extractor 


| Dry Solids Sludge Liquor 
Disp! (%) (p.p.m.) 
Period 
| (days , 
| 14.0 | 28 | 60.2 |7.3| 450] 4,700 
2 | 10.3 2.7 | 59.6 |7.3| 500) 4,500 
8.3 | 2.5 | 582 17.1 | 600| 3,500 
4 | 64| 2.7 | 57.1|17.2| 600|3,200 
5 | 47| 29 | 550)3,200 
6 | 3.7 | 2.8 | 59.2 |7.1] 3,400 
7 3.2 | 3.2 | 618 |7.2) 800) 4,300 
8 29 4.1 | 60.6 700 | 5,400 
9 | 4.1 | 6431731 900] 5,500 
10 | 2.6 | 3.7 | 67.2 | 7.3 | 1,200] 5,500 
11 | 143 | 3.2 64.5 | 7.4 | 1,200 | 6,400 
Plant | 13.3 | 29 | 59.3 - — 
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quire 17 days detention to recover the 
same proportion of gas, as determined 
from extrapolating the gas loss curve 
of Figure 2. 

The characteristics of the sludge re- 
moved from the residual gas extractor 
are shown in Table IIfl. Comparing 
the total solids concentration and vola 
tile content of this sludge with that 
from the high-rate digester, it can be 


seen that further digestion had oc 
curred, especially during the latter 


periods of higher loading. Thus, con 
sidering Periods 7 and 8, previously 
cited, the volatile matter concentration 
entering the extractor averaged 2.7 per 
cent solids, whereas the sludge leaving 
had an average volatile matter concen- 
tration of 2.2 per cent, indicating 
further significant destruction of vola- 
tile matter. 

The residual gas extractor was ef- 
fective in reducing volatile acids, es- 
pecially when the volatile solids con- 
centrations leaving the high-rate 
digester were higher. It should be 
noted (Figure 2) that by using the 
separate residual gas extractor, greater 
efficiency was obtained in the destruc- 
tion of the remaining volatile matter 
and the reduction of gas loss than 
could have been obtained by using the 
high-rate digester alone, enlarged to the 
equivalent combined volume. 

As might be expected, the residual 
gas extractor effected a small increase 
in the pH and alkalinity concentration 
of the sludge added. 


Details of Failure Episode 


One of this investigation 
was to observe the digestion process in 
the zone of failure. This event was 
realized on January 1, 1954. 

Figure 3 is a day-by-day semi-log- 
arithmic plot of the volatile acids con- 
centration, the unit volatile matter 
loading, and the resulting gas produe- 
tion for a period of about one month 
prior to and following failure. 

The plot starts with 19 days of 
loading at a detention of 3.2 days, a 
continuation of Period 7 which lasted 
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FIGURE 3.—Details of pilot high-rate digester failure episode. 


for about eight displacements. It can 
be seen that the gas production was 
essentially uniform, at about 7 eu. ft 
volatile matter added. The 
volatile acids coneentration started at 
about 2,000 p.p.m. and followed a slight 
downward trend. This period, which 


ended December 19, thus represented a 


per lb ol 


condition of biochemical equilibrium at 
3.2 days detention 


The loading was then gradually in 


creased until on December 22 the dis 


placement was reduced to 2.6 days 


January 1, 


On December 24 (indicated by arrow) 
gas production dropped to 6 cu. ft. per 
pound of volatile matter added, sig 
nificantly below the previous level, and 
continued to decrease thereafter. On 
the following day the volatile acids 
concentration suddenly rose from 1,200 
to 1,900 p.p.m. (shown by arrow) and 
thereafter continued to increase. By 
gas production had fallen 
to 4 ecu. ft. per pound of volatile mat- 
ter added. This drop in gas produc- 
tion was accompanied by a deteriora- 
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tion in gas quality. The CO, content 
of the gas, previously averaging 36 
per cent, increased to 45 per cent on 
January 1. Volatile acids concentra- 
tion was approaching 5,000 p.p.m. and 
the sludge was becoming malodorous. 
The trend was toward continued 
breakdown of the digestion process. In 
the light of these facts, it was recog- 
nized that failure was virtually com- 
plete on this date (shown by arrow 
on loading chart) and that further 
high loading would make process re- 
covery improbable. 

The loading was thereupon reduced 
to approximate that rate which would 
normally produce the quantity of gas 
actually being generated when experi- 
mental failure occurred. This corre- 
sponded to an average detention of 
14.3 days. Within a few days, the 
unit gas production improved and the 
quality recovered. However, it re- 
quired some three weeks to complete 
the conversion of the backlog of di- 
gestible material to gas. The volatile 
acids concentration, which reached a 
peak of 5,500 p.p.m. on January 4, did 
not return to its previous level until 
January 19. 

Since the pilot digester had a fixed 
cover, it was not possible to observe 
if foaming conditions were present. 
In any event, no operating difficulties 
were experienced due to foaming at any 
time. 

On January 1, at the time of failure, 
the digester pli was depressed only 
from 7.1 to 6.9, the alkalinity remain- 
ing virtually unchanged at a concen- 
tration of 4,800 p.p.m. From these 
observations, it appeared that the pH 
and alkalinity could not be relied upon 
as indicators of incipient failure when 
digesting thickened combined primary 
and activated sludge. 

With recovery completed about Jan- 
uary 20, the loading was somewhat in- 
creased in order to start a duplicate 
run. However, the apparatus had to 
be released for modification and im- 
The experiment was 


provements 
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brought to a close on January 27, 
1954. 


Discussion of Results 


The plan of this experiment pro- 
vided for the initial operation of the 
plant and pilot digestion systems un 
der parallel and comparable conditions. 
The nominal displacement periods 
were made equal and the same thick- 
ened raw sludge was fed to each. De- 
spite the apparent equality in operat- 
ing conditions, there was a marked 


difference in digester performance. 
Thus, with respect to the digestion 
index, which may be considered a 


measure of the efficiency and velocity 
of digestion, the plant high-rate proc- 
ess proceeded at 41 per cent per day 
as compared to 100 per cent per day 
for the pilot digester. 

From the foregoing, it was reasoned 
that if the pilot digester was so much 
more efficient than the plant digester, 
it should have been capable of repro- 
ducing the equivalent of the plant- 
scale results at much higher loadings. 
That this was actually the case was 
shown by the fact that the plant tank, 
operating at 11.8 days detention, pro 
duced 84 per cent of the available gas, 
whereas the pilot unit produced the 
same proportion at 4.2 days detention. 
Thus, from the standpoint of gas pro- 
duction the plant unit was only 36 
per cent as efficient as the pilot. It 
did not appear reasonable that the 
fundamental biochemical processes 
could proceed at such widely different 
rates under essentially the same en 
vironmental conditions, Consideration 
of this discrepancy indicated that the 
explanation would be found mainly in 
the physical differences between the 
two units. 

In this connection, the pilot di 
gester, during the course of the ex 
periment, did not accumulate silt or 
other solids which might materially 
reduce the active volume. The con- 
tents were well mixed by a mechanical 
stirrer continuously rotating at 30 
r.p.m. Temperature was uniform 
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throughout the tank. Therefore, the 


unit may be considered to have sub- 
tantially utilized its nominal tank vol 
ume 

On the other hand, the plant unit 
wa found to 


contain a deposit of 


ilt and digested 
material, 
adding up to roughly one-third of the 
nominal tank Recirculation 
by external pumps was not an effective 


heavy gelatinous 


sludge, as well as floating 


volume 


means Of mixing, as borne out by 
Considera 
that 
the plant di 
to the use of only a 
Therefore, if 
effectively 


it would permit almost trip 


ludge temperature tests 


tion of these factors indicated 


the lower efficiency of 
‘ster was dus 
fraction of its volume 
the entire volume could be 
utilized 
ling the loading on the plant digester, 
already operating at 0.5 eu. ft. per 
capita 

Relative to the loadings applied to 
the pilot digester, it should be remem 
bered that the tank was fed uniformly 
a thickened combined primary and ac 
tivated sludge at an over-all concentra 
tion higher than the normal practice 
For these 


possible to select the optimum digester 


favorable conditions, it is 
detention from Figure 2 

From Inspection of Figure 2 it is 
that size of 
the digester above that required for a 


apparent increasing the 
displaceme nt period of h days will not 
appreciably increase gas 


offic 1eney On the 


production 
other hand, as the 
detention period was reduced below 5 
days, the efficiency decreased rapidly, 
although the process operated with bio 
chemical stability to a displacement of 
about 3 days. Thus, for the digestion 
of this mixture of thickened primary 
and activated sludge, 5 days of deten 
with utilization 
This 


providing a 


tion complete tank 


would appear to be desirable 


would be equivalent to 
high-rate digester 
0.2 cu. ft. per capita based on the op 
eration of the Bowery Bay plant with 
its connected population of 350,000 
From it may be seen that 


recover the lost gas by 


capacity of about 


Figure 
attempting to 
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increasing the size of a single high- 
rate digester is not economical. How- 
ever, the residual gas may be readily 
extracted from the sludge by a rela- 
tively small following unit. This 
residual gas extractor will almost 


eliminate gas losses at 


an operating 
However, 
consideration should be given to pro- 


detention as low as 3 days. 


viding two identical digesters, which 
will allow for reversibility of opera- 
tion. At an effective detention of 5 
days in each tank, such a system should 
recover 98 per cent of the normally 
available gas at a total 
pacity of 0.4 cu. ft. per capita. 

In connection with the failure epi- 
sode, it was pointed out that when the 
loading rate almost 1.2 
lb. of volatile matter per day per cubic 


digester ca- 


increased to 


foot of digester and the displacement 
period was reduced to 2.6 days, di 
gester performance deteriorated rap 
idly With gas production declining 
and volatile acids concentration stead 
ily increasing, it was found necessary 
to lower the feeding rate to prevent 
irremediable failure. It appeared that 
some element of the bacterial activity 
could not cope with this elevated load 
ing rate. Whether this failure may be 
attributed to the inordinately high rate 
volatile mat- 


ter per unit volume or to the excessive 


of feeding of gasifiable 


displacement of necessary bacteria in 
the outgoing volume could not be as 
certained these data. It is an 
ticipated that additional experiments 


from 


now in progress relating to the diges- 
tion of more highly concentrated thiek- 
ened combined primary and modified 
aeration sludges may aid in determin 
ing the eritical factor. The digestibil- 
ity of this sludge of different compo 
sition would also be evaluated by such 
investigation 
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DISCUSSION 


By Harry E. ScHLENzZ 


President, Pacific Flush Tank Co., Chicago, Il. 


Although the following discussion 
may appear to be quite critical of Mr. 
Torpey’s conclusions, it is not intended 
in any way to detract from the excel- 
lent experimental procedures upon 
which he has reported, since he has 
pointed out many faets which are im- 
portant to the operating staffs of 
sludge digestion installations. 

At the 1953 Annual Meeting of the 
Federation, two papers and corre- 
sponding discussions were presented 
reporting upon pilot-plant digestion 
studies and carefully controlled ex- 
perimental procedures with plant size 
digesters (1)(2). From one of the 
papers, broad claims have been made 
that present digester capacity stand- 
ards can be reduced by two-thirds, 
while the other paper left the impres- 
sion with the audience, and others who 
have since read the published article, 
that 0.5 cu. ft. of digester capacity 
per capita is adequate for combined 
primary and activated sludge if prop- 
erly concentrated. Mr. Torpey’s pres- 
ent paper suggests that 0.2 cu. ft. of 
digester capacity per capita might be 
satisfactory and recommends a design 
value of 0.4 cu. ft. per capita based 
upon small pilot-seale experiments. 

That such conclusions are mislead- 
ing, when accepted without consider- 


ing many other factors of practical 
plant operation, is evidenced by the 
experience of a competent design engi 
neer in the South. He had completed 
a report for the additions to an ex- 
isting treatment plant for a moder 
ately large city, involving a 50 per 
cent increase in the digestion capacity. 
Certain official personnel of that city 
who heard or read these mentioned 
articles concluded that the existing 
digestion capacity was more than ade 
quate, despite the increase of load over 
the original design and have 
held up for more than a year the com 
pletion of the designs for additional 
capacity. The consulting engineer 
found it necessary to convince the city 
officials, through carefully controlled 
operating procedures set up at the 
plant, that the practical factors of 
operation, the method of disposing of 
the sludge, and the improbability of 
the city providing sufficient trained 
technical operating personnel to carry 
out the controlled operating proced 
ures, required the additional capacity 
which was being recommended 

Later in this discussion it is hoped 
to establish some of these practical con 
siderations by reference to data which 
have been consolidated into compara 
tive tables and charts. 
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The writer definitely agrees with the 
basic thought expressed by Mr. Torpey 
that the digestion of sewage sludge 
should be on a controlled basis. In 
fact, a similar plea by the writer (3) 
in 1944, in which the importance of 
frequent volatile acid determinations 
was emphasized, went unheeded. Tor- 
pey shows that pH and alkalinity of 
digester contents cannot be relied upon 
as indicators of incipient failure, 
whereas the variations in volatile acid 
concentration provide a definite indi 
cation and guide to the condition of 
the digester 

If plant operators obtain from pa 
pers such as this the importance of 
careful control of the operation of di 
gesters, they can show definite improve 
ment in effectively using the available 
capacity 


Comparison of Plant and Pilot 
Digesters 


Mr. Torpey emphasizes a determina 
tion designated as ‘‘digestion index,’’ 
but it appears that this is an exceed 
ingly misleading measure of the effi- 
ciency and velocity of digestion. Tor- 
pey makes a comparison of the plant 
digesters and pilot digesters for Pe- 
riod 1 when the detention time and 
raw feed were reported to be the same. 
Therefore, in the basie formula for 


‘*digestion index’’— 


GQ 

q \ 
in which @ is the daily gas production, 
is the daily raw sludge feed volume, 
g is the gas available in the sludge 
leaving the digester and V is the 
nominal digester volume—the value 
of Q/V would be the same in each 
case. This would leave the remain- 
ing ratio, @/g, as the compari- 
son of the difference in digestion effi- 
ciency, which Torpey gives as 90 per 
cent for the pilot digester and 41 per 
cent for the plant digester, indicating 
that 90 per cent of the pilot digester 
capacity was effectively used, whereas 
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only 41 per cent of the plant digester 
capacity was effective. 

This comparison appears to be out 
of line with a comparison of the gas 
production for the same period, in 
which it is reported that 93 per cent 
of the total calculated available gas 
was obtained from the first-stage pilot 
digester and 83 per cent of the total 
calculated available gas was obtained 
from the first-stage plant digester. (In 
fact the first-stage plant digester 
showed a value of 84 per cent for a 
daily average of 224 days of data, 
compared with the value of 93 per cent 
for the first-stage pilot digester for a 
daily average of 14 days of data.) 

It would appear more logical to 
conclude that the comparison of the 
effective use of the digester capacity 
for the same detention period and 
same feed of raw sludge would be the 
relationship of the 93 per cent and 84 
per cent values. This would mean that 
instead of the plant digester being 
rated at about 45 per cent of the ef- 
fectiveness of the pilot digester, it 
would be calculated to be about 90 
per cent as effective in rate of conver- 
sion of solids to gas as the pilot di- 
gester. Furthermore, it is important 
to consider that the average daily gas 
production for the plant digester was 
based on an operation period 16 times 
as long as that for the pilot digester 
from which the average daily gas 
values were used for the comparison. 
The average for the plant digester for 
the longer period would be more 
greatly affected by seasonal and daily 
variations in feed, temperature and 
other factors. A comparison for ex- 
actly the same 14-day period would 
have been more desirable in comparing 
the operation under similar conditions. 

This analysis seems to be supported 
by the values given in Table I, where 
it is calculated that the plant digester 
showed a reduction in volatile matter 
of 42.6 per cent as the average for 
the entire 224-day period, as against a 
reduction of 52.2 per cent for the pilot 
digester, | ased on an average of only 
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14 days at the same loading. When 
the secondary phase of the digestion 
is included, the plant digester system 
showed a reduction of 50.1 per cent as 
against the pilot digesters showing 
49.3 per cent reduction of volatile 
matter for Period 1. 

Furthermore, if the experimental 
routine is carefully considered, it 
would appear that some of the reported 
difference between the efficiencies of 
the pilot and plant digesters could be 
explained. For instance, raw feed to 
the pilot digester consisted of a meas- 
ured portion of the thickened combined 
primary and activated sludge taken at 
one time and divided into 12 equal 
parts of approximately uniform compo- 
sition to be fed at 2-hr. intervals. 
On the other hand, the plant digester 
received a more variable quantity and 
quality of feed, which was compared by 
averaging of determinations. Based 
on records for other plants, it would 
be expected that the actual daily load- 
ing of raw sludge on the plant digester 
must have varied quite widely. 

It is difficult to follow Mr. Torpey’s 
statement that ‘‘confirmation of the 
reported low degree of tank utilization 
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of the plant digester was obtained by 
comparing the alkalinity concentra- 
tions of the pilot and plant digesters,’’ 
concluding that since the alkalinity 
concentrations were the same when the 
pilot digester was operated at a deten- 
tion of 37 per cent of the nominal 
plant digester detention, the relative 
effective use of digester capacity would 
follow this same percentage. The alka- 
linity data presented in Table I do not 
support such a conclusion. 

On the basis of the unsubstantiated 
case set up in regard to the comparison 
of efficiencies of the pilot and plant 
digesters, Mr. Torpey concluded that 
the plant digester, if equipped with 
effective mixing of its entire volume, 
could handle up to three times its high 
loading without loss of gas producing 
efficiency. Considerations of a practi- 
cal nature would involve the compari- 
son of the mixing of a small 21-in. 
diameter, 36-in. deep basin with an 82- 
ft. diameter digester having a 35-ft. 
liquid depth, a volume relationship of 
1 to 30,000 

Consideration is given by Mr. Tor- 
pey to the fact that a large digester, 
over an extended period of time, loses 


Bowery Bay Plant! 
| Expected 
| Volatile Solids in Sludge (%) Reduction in Volatile (%) Reduction 
| lst 2nd Hy lat lat and 2nd 
Raw Feed Digester Digester 
| 14 74.9% | 58.7% 60.2% | 52.2% 49.3% 73% 
2 30 73.3 61.1 59.6 | 42.8 45.7 70 
3 15 67.7 | 57.4 58.2 | 35.9 33.9 61 
1 10 71.3 58.3 57.1 14.0 | 46.3 66 
5 25 73.6 57.2 56.2 | 52.0 | 53.8 71 
6 35 | 73.7 60.5 59.2 | 45.1 47.9 71 
7 2 «(| «O75. 63. 61.8 13.6 | 46.7 75 
8 5 | 78.0 63.7 60.6 6 | 572 80 
9 5 | 782 68.1 64.3 | 40.1 49.6 80 
10 5 | 809 72.2 67.2 | 28.5 514 85 
i! 25 | 80.0 66.7 64.5 49.8 | 54.5 | 94 
Plant 224 745 | 62.7 59.3 42.6 | 50.1 73% 


‘ Calculations from data of Tables I, II, and III, as compared with data from other plants 


recorded in Figure 1 


* Normally expected reduction in volatile, based on original raw volatile content. 
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SOURCE OF DATA 
Volatile Content of 
Sludge as Withdrawn 
Birmingham, Englond 
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Hurlock, Md. 
Grand Rapids, Mich 
Avrora, 
Elyria, Ohio (Average) 
Springfield, Wi 
Avrore, iit 
Plainfield, N. J 
Elyria, Ohio (High) 
Clevelond, Ohio (Westerly) 
Durham, N.C 
Cedar Rapids, lowa 
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PER CENT REOUCTION OF ORIGINAL VOLATILE MATTER 


WHEN SLUDGE 


iS CONSIDERED 


TO BE DIGESTED 


FIGURE 4.—Comparison of reduction in volatile matter by digestion: results of Torpey 
high-rate digestion and Little Miami plant data plotted on typical curve as prepared in 


1941 from other plant data 


some effective capacity due to deposits 
of silt, heavy gelatinous sludge, and 
material 

volume 


digester 


accumulation of floating 
The mixing of a smaller 
(1/30,000th) in the pilot 
causes small daily increments of such 
space-using materials to be displaced 
from the unit 

The first curve of Figure 2 appears 
to be 


volatile content of the digested sludge 


incorrect when comparing the 
for the various detention periods with 
out regard to the variable volatile con 
feed re 
The 


Table IV shows an 


tent concentration of the raw 
ported for the various periods. 
values recorded in 


entirely different relationship without 


any definite pattern, when the per 
centage reduction in volatile matter is 
tabulated for the same periods to take 
the difference in 
content of the raw sludge 

It is believed that the conditions at 
jay and other New York City 
which might justify ‘“‘high 
digestion are different from those 
Since the 
digested sludge is barged to sea, the 


into account volatile 


Bowery 
plants 
rate”’ 
in the majority of plants 


need for ‘‘ripening’’ of the sludge, so 
that it may be easily filtered or dried 
involved. There 
is also the question of storage, with 
‘take 
up’’ in the plant, so that vacuum filter 
ing or drying operations can be done 


on sand beds, is not 


the digester system serving as a ‘ 


on a periodic basis. 


Degree of Digestion 


It appears, from a comparison with 
the data on digestion for other repre 
sentative plants, as based on reduction 
of volatile matter by digestion, that the 
data for the ‘high 
rate’ lower 


Bay plant 
much 
Figure 


operation shows a 


degree of digestion 4 shows 
a relationship between the percentage 
of volatile in the raw sludge and the 
percentage reduction of this original 
volatile matter when the sludge is con- 
sidered to be digested as determined by 
established criteria. The curve, pub- 
lished in 1941, has been checked against 
the data for many plants since that 
time, and the general relationship as 
shown has been found to be on the 


conservative side. 
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The data presented by Torpey have 
been plotted on this curve and are 
identified by periods and range of 
reductions of volatile solids based on 


both the first and second stages of 
digestion. It will be noted that the 


reduction in volatile solids from Tor- 
pey’s data on ‘“‘high-rate’’ digestion 
ranges from 33.9 to 57.2 per cent for 
both primary and secondary digestion, 
whereas the curve would indicate an 
expected volatile reduction of 60 to 85 
per cent for the reported range of 
original raw volatile. The average data 
for the plant digesters are shown as a 
maximum reduction of 50.1 per cent, 
whereas the curve indicates an ex- 
pected reduction of approximately 72 
per cent. The comparative values for 
the different periods of Torpey’s data 
are also recorded in Table IV. Figure 
+ also contains the recorded data for 
Cedar Rapids, Iowa, and the Little 
Miami plant at Cincinnati, Ohio, where 
higher than normal loadings in the 
first-stage digesters have resulted in 
volatile solids reductions which follow 
the typical curve. 


16 
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High Loadings at Other Plants 


Figure 5 shows the plotted data for 
an 8-month average at Cedar Rapids 
as prepared in 1936, with additional 
data for 1942-3. The latter data show 
unit loadings of 0.249 lb. of total solids 


and 0.197 lb. of volatile solids per 
cubic foot per day for a 12-month 
average, which compares favorably 


with the plant-scale data at Bowery 
Bay. No special concentration or mix- 
ing means were provided at Cedar 
Rapids, although the sludge is high in 
volatile matter due to its content of 
packinghouse wastes and is probably 
more readily digestible than normal 
domestic sludge. 

Table V is a summary of the data for 
the Litthe Miami plant at Cincinnati, 
Ohio, where considerable difficulty was 
experienced early in 1954 in the initial 
starting of the digesters. Uncontrol- 
lable acid conditions developed in all 
four digesters, with the result that 
they had to be cleaned out, and each 
one brought into proper operation by 
seeding, progressive feeding starting 


+++ ++ ++ + +4444 045 
< | | | > 
12 tt ++ ++ ++ oe a 
++ + +4 +4444 +4 a 
ii +-++4-+4 pi ++ $4 ++ « 
(@) 12 MONTH AVERAGE FOR ++ 44444444 
9 PERIOD 1942-45 ++ neni ++ +4405 N 
+ ++ +++ + ++ \VOLATILE SOLIOSr ; 
z 4 + + + ++ 44 ; ~ a 
# | 
5 10 15 20 25 30 35 40 45 50 
PERIOO ~ DAYS 
FIGURE 5.—Actual loading of raw sludge solids at Cedar Rapids, lowa, sewage 


treatment plant between February and September 1936. 
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with a low rate, and careful daily 
checking of the volatile acid concen- 
tration. The data, recorded by periods 
during a total of 76 days prior to 
October 11, 1954, show some interesting 
trends. Period D indicates a loading 
of 0.423 lb. of total solids, or 0.223 
lb. of volatile solids, per cubic foot 
per day for 7 days, during which pe 
riod all of the plant production of 
raw sludge was fed to one digester. 

During Period E, the primary di- 
gester, receiving all of the raw solids, 
was further reduced in volume to an 
average of 68,100 cu. ft. by lowering 
the operating range of the floating 
cover. During this 7-day period the 
loading rate per cubic foot per day 
was 0.481 lb. of total solids, or 0.230 
lb. of volatile solids, with a displace- 
ment period of 12.2 days. 

Many interesting facts obtained from 
this plant-scale operation are beyond 
the scope of this discussion, but the 
low range of volatile acid concentra- 
tion and the reasonably high alkalini- 
ties under the high raw solids loading 
should be noted. 

During Periods D and E the vola- 
tile solids concentration in the raw 
feed dropped appreciably, probably 
due to the return of low volatile solids 
in the liquor from the elutriation tanks 
prior to incineration, which had been 
started during Period D. Although the 
recycling of the lower volatile solids 
did not result in a reduction in the 
amount of gas produced per pound of 
volatile added to the digester system, 
it showed a disproportionate effect on 
the reduction of volatile as calculated 
by assuming constant ash. Additional 
studies are being made in this regard 
to determine if the recycled portion 
of the volatile solids can be counted 
upon for the production of gas in such 
large quantities when returned in the 
raw sludge to the primary digester. 

It should be pointed out that this 
demonstration, indicating that high 
unit loadings can be maintained in the 
plant-scale operation of digesters, is 
dependent upon the building up of the 
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digester to peak bacterial activity, and 
is made possible only with additional 
technical supervision of the operating 
personnel and laboratory staff. It is 
comforting assurance that additional 
capacity is available in the remaining 
digesters to receive some of the load 
in case of failure to maintain the high 
effectiveness of digestion. If the di- 
gestion action is lost, due to the en- 
trance of some unusual product of 
toxic nature or wide variation in com- 
position of the raw sludge, or by a 
temporary laxity on the part of the 
operating personnel, it has been shown 
by many experimenters, including Tor- 
pey, that it is necessary to reduce the 
load materially, or even resort to an 
entirely new start of the digester with 
progressively increasing feedings at an 
initially low rate. 

Despite the high loadings which have 
been carried in the single primary di 
gester at the Little Miami plant, the 
plant operating personnel have dem 
onstrated the need for the remaining 
digester capacity to provide a sludge 
which is concentrated and filters well, 
without excessive chemical condition 
ing, and allows storage capacity to re 
duce filtering operations to 3 days per 
week. In fact, until the recently re 
ported periods the secondary digestion 
capacity has carried a high accumula- 
tion of digested solids due to the ne- 
cessity of storing such solids while the 
elutriation tanks, vacuum filters and 
incinerators were being properly co- 


ordinated to handle the digested 
sludge 
Due to the rather close control of 


operational procedures and additional 
daily analyses required for the pres 
ent ‘‘high-rate’’ digester loadings on 
the one tank in the system, it has been 
indicated that as soon as the high load- 
ing experiments are completed, the 
operating personnel will be satisfied to 
use the existing digester capacity as 
designed, without any thought that it 
is excessive. will be 
used as primaries at one-half the pres- 


Two digesters 
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eat loading, and two used as second- 
aries.* 


Variations in Raw Sludge Production 


Since the digester loadings per cubic 
foot per day are expressed as an aver- 
age, it 1s important that variations in 
raw sludge production be considered 
in relating such loadings to the design 


of sludge digestion facilities. This is 
especially true if short periods of de- 
tention are being considered With 


reference to Figure 6, it will be noted 
that for a 5-day detention period the 
amount of sludge to be handled may 
be 240 per cent of the average. Even 
if the raw sludge is stored for a full 
24-hr. in sludge concentration devices, 
the maximum sludge production for a 


o-day period might be as much as 225 


*D. P. Backmeyer, plant superintendent, 
indicates that this return to normal design 
operation was started on October 15, 1954, 
four days after presentation of this discus 


sion 
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per cent of the average. The longer 
the detention time, the lower the allow- 
ance for excess sludge production will 
be in figuring the maximum loadings 
which might be handled. 


Concentration of Digested Sludge 


Mr. Torpey emphasizes the impor- 
tance of the concentration of the raw 
sludge, but disregards the relatively 
low concentration of solids reported in 
the sludge from the secondary di- 
gesters, with a plant average of 2.9 
per cent and with pilot-plant averages 
of from 2.5 to 4.1 per cent. 

Backmeyer (5) writes, ‘‘I would re- 
emphasize the importance of solids con- 
centration in disposal of the digested 
sludge. It is one thing to get 85 per 
cent of the gas production in a pri- 
mary tank operated at high loadings, 
and an entirely different problem to 
prepare this material for economical 
final disposal. I am unable to think 
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FIGURE 6.—Excess capacity required for maximum conditions of sludge production. 
(Prepared from data collected by R. A. Alliton, 1932, representing a composite study of 
peak loads obtained from data of large American cities.) 
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TABLE VI.—Capacities for Sludge Concentration, Digestion and Storage; 


Bowery Bay Plant, New York, N. Y. 


Sludge Facilities (cu. ft.) 


Plant Unite | Design Pop 
} | Cone | Storage Total | Per Cap 
| | 
Existing | 350,000 | 47,000 | 720,000 50,000 | 817,000 2.33 
New 190,000 | 760,000 | 70,000 | 1,020,000 | 
Total 1,000,000 237,000 | 1,480,000 | 120,000 1,837,000 1.84 


it is not advantageous to have a high 
solids-low moisture ratio in the fin- 
ished liquid sludge. At the Little 
Miami plant, the ferric chloride re- 
quirement in the vacuum filter dewa- 
tering of the digested sludge is pro 
portional to the alkalinity of the 
sludge liquor and to the undigested 
organics remaining in the sludge. 
Solids concentration and complete di- 
gestion is therefore very important.’’ 

It would also appear that a greater 
concentration of the digested sludge 
would be important at the Bowery 
Bay plant, where barging-to-sea_in- 
volves an expensive operation. 

It is possible that the sludge as 
received at the Bowery Bay plant, in 
providing a rather high initial rate of 
gas production, may be more readily 
digestible to the degree indicated for 
the reduction of volatile matter, than 
is the case of sludges at other instal- 
lations where the percent reduction of 
volatile is shown to be considerably 
greater. The volatile acid content of 
the raw sludge, reported to be from 
1,400 to 2,000 p.p.m., seems to be rather 
high. The raw sludge at the Little 
Miami plant (Cincinnati) showed a 
volatile acid concentration of 300 
p.p.m 


Practical Considerations 


Although the conclusions as ex 
pressed by Mr. Torpey seem to indi- 
per capita is adequate for the diges- 
tion of concentrated primary and acti- 
cate that 0.4 cu. ft. of digester capacity 
vated sludge, it is interesting to note 
that new facilities to be provided at 
the Bowery Bay plant (Table VI) will 


provide 1.48 cu. ft. of digester capacity 
per capita based upon a 1,000,000 de- 
sign population, which must include 
some allowance for the future, plus 
an additional 0.36 cu. ft. of capacity 
for sludge concentration and short pe- 
riod storage, for a total of 1.84 eu. ft. 
per capita. 

Since Mr. Torpey has expressed di- 
gester capacities in terms of ‘‘eubic 
feet per capita’’ in drawing his con- 
clusions, it should be noted that the 
data show that at the Bowery Bay 
plant the dry solids added to the di- 
gesters figured to be only 0.126 Ib 
total solids and 0.944 Ib. volatile sol 
ids per capita. For the normal acti 
vated sludge plant, a per capita sludge 
production as much as 50 per cent 
greater than these values might be 
expected, which would have a decided 
effect on digester capacity allowances 
expressed in terms of eubic feet per 
capita 

A review of the design capacities for 
activated sludge plants built during 
the period 1928-1936 shows digester 
capacity allowances as low as 1.7 eu 
ft. per capita. Apparently such ca- 
pacities have been found to be inade 
quate, due, in large measure, to the 
fact that municipalities did not pro 
vide sufficient technically trained op 
erating personnel to properly control 
the plant operation. The pendulum 
has now swung to the point that State 
Boards of Health require design allow 
ances ranging from 4.0 to 6.0 en. ft 
per capita for the digestion of activated 
sludge. 

In 1951, on the basis of digester 
loading data for a number of repre- 
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sentative plants, it was definitely in- 
dicated (4) that such design allow- 
ances could be reduced 

For further emphasis, it should be 
stated that if better operational con- 
trol is treatment 
plants, the foregoing required digester 


obtained at sewage 
capacities can be reduced materially, 
but not to the point suggested by re- 
cent articles based on experimental 
data, since such suggested values do 
other im- 
portant design factors requiring more 
liberal capacity, including the follow- 


ing: 


not take into consideration 


1. Variations in the quantity and 
quality of the sludge solids. 

2. Provision of storage beyond di- 
gestion periods for the ripening and 
concentration of the undigestible por- 
that it will drain well on 
vacuum filters and sand beds, as well 
allow 


tion 
as storage to periodic drying 
operations rather than more continu- 
ous withdrawal of sludge 

4. Allowances to offset disrupting 
influences caused by toxic wastes by 
providing space for sludge to be han 
dled while the digester system is being 
returned to peak performance. 


4. Compensation for the lack of 
trained technical personnel and for 
careless operational control. 

5. Provision for increased popula- 


tion loads beyond the design popula- 
tion for which capacities are provided, 
since provision of additional facilities 
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normally lags well behind the period 
when the facilities are found to be 
overloaded. 


In conclusion, Mr. Torpey’s paper 
presents a challenge to the sanitary 
engineering profession, and it is hoped 
that plant operators will be stimulated 
to attempt better control of the sludge 
digestion facilities under their care. 
However, the foregoing discussion 
should be interpreted as a practical 
warning that designs and selection of 
capacity must be 
based upon criteria of many day-by- 
day operational problems and the many 
imponderables in character 
and sludge digestion phenomena, and 
at the same time provide for the ef- 
fective performance of the entire treat- 
ment plant, of which the sludge diges- 
tion facilities comprise only an_in- 
tegral part. 


sludge digestion 


sewage 
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DISCUSSION 


By H. HevuKeELEKIAN 


Department of Sanitation, Rutgers University, New Brunswick, N. J. 


This very important contribution is 
going to dominate the thinking and 
practice in regard to sludge digestion 
for many years to come. The present 
stand by itself, but 
should be viewed as a part of a new 
It must 
be viewed in conjunction with other 


paper does not 


approach to sludge digestion 


contributions on the subject of ac- 
celerated digestion made by Morgan and 
Torpey, as referred to by Mr. Schlenz 
In the latter paper the results of di- 
gestion of all the sludge captured at 
the Bowery Bay plant in one of the 


four available digesters were reported. 
Mixtures of both primary plus modi- 
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fied aeration sludge and primary plus 
activated sludge were digested for 
various periods. This discussion is 
based on the digestion of primary and 
activated sludge in the previous and 
present papers presented by Mr. Tor- 
pey. One has to go even further back 
than the periods of experimentation 
reported in these papers. It is neces- 
sary to start with the design and early 
period of operation of this plant. 

The plant was designed with diges- 
tion tank capacity of 2.1 cu. ft. per 
capita. During the period when the 
plant was operated on a step aeration 
basis and digesting the primary and 
activated sludge, difficulty was uncoun- 
tered in obtaining supernatant liquor 
and it became necessary to reduce the 
volume of activated sludge fed to the 
digesters. The indications on this basis 
were that a digester capacity of 3.5 
to 4.0 cu. ft. per capita was required 
for the digestion of all primary and 
activated sludge produced at this plant. 
This corresponds to the accepted ca- 
pacity allowance for the digestion of 
solids produced by activated sludge 
plants of 4 to 6 cu. ft. per capita. 

Under these conditions, the normal 
procedure would have been to build 
additional digestion tanks. If an at- 
tempt were to be made to digest the 
sludge in the four available digestion 
tanks, experiments designed to accel- 
erate digestion would have been under- 
taken first in the laboratory, followed 
by a pilot plant, and finally applica- 
tion on a plant-seale basis. 

This normal course of 
not followed, but actually was re- 
versed. All of the sludge was digested 
in one of the existing digestion tanks, 
but before the large-scale plant work 
could be attempted certain other pre- 
requisites had to be met. A way had 
to be found for thickening of the 
sludge mixtures. 

Once this was accomplished one of 
the necessary important conditions for 
high-rate digestion had been fulfilled. 
One tank out of four was loaded suc- 


events was 


HIGH-RATE DIGESTER 


143 


cessfully with all the primary and 
activated sludge captured at the plant 
after thickening. According to the 
parameters of digestion commonly em- 
ployed—pH value, volatile matter de- 
struction, volatile acids, and gas pro- 
duction—the sludge could be consid 
ered well-digested. As far as the 
published records go the plant has 
been operated with one digestion tank, 
not only during the period reported 
in the previous paper (6 months), but 
also during the period of pilot-plant 
experiments covered in this paper (6 
months). It should be emphasized that 
this was plant-seale operation and not 
pilot or laboratory tests. In other 
words, the plant was successfully op- 
erated on a 0.5-cu. ft. per capita basis, 
or at unit loading of 0.18 lb. volatile 
solids per cubie foot per day. Since it 
was not possible either to increase the 
quantity of sludge or to decrease the 
size of the tank, pilot-plant work be- 
came necessary to determine what 
maximum loadings or minimum ¢a- 
pacities could be attained. 

The pilot-plant experiments are 
thorough and the results are complete. 
They covered a period of more than 
6 months. The feeding rates were in- 
creased successively after a sufficiently 
long period of operation at a certain 
level to indicate the stability of the 
process, until the feeding rate reached 
a point where failure occurred. This 
occurred at 2.6 days displacement pe- 
riod, or at a unit loading of 1.2 Ib. 
volatile solids per eubie foot per day. 
The results indicate a safe maximum 
loading equivalent to 0.2 eu. ft. per 
capita or a loading of 0.4 Ib. of vola- 
tile solids per cubie foot per day. At 
such a loading, about 90 per cent of the 
gas was recovered. 

A number of important questions 
arise, as follows: 


1. How are such high loadings pos- 
sible? 

2. Can the results obtained from a 
pilot plant be translated to large-scale 
tanks? 
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4. What problems does such high 


rate digestion create? 


he of 
tion seems to have been achieved by 


the high-rate diges 
simultaneous control of the following 


conditions 
l. Sludge thickening 
2. Effective 


ume, 


utilization of tank vol 


3. Uniform feeding of raw sludge 


Maintenance of optimum temperature 
is generally accepted as a precondition 
for increasing the rate of digestion 
The referred to 
in retrospect 


seem to be 
and 
preconditions for accelerated digestion 


factors 
obvious simple 
Nevertheless, no one in the past had 
put all these requirements 
together with the purpose of increas 
Fischer, for instance 
1920’s demonstrated that 


necessary 


ing the loading 
in the early 
thickened sludge (18 per cent) could 
be digested, but his work was on equal 
loading basis of 6, 12 and 18 per cent 
The result that, 
starting with a displacement period of 


raw sludge was 
1) days for 6 per cent sludge, sludge 
thickened to 18 per cent had a dis- 
placement period of 120 days. The 
real benefits of thickening were, there 
fore, not materialized in increasing the 
Similarly, other workers 
studying digestion have missed the po 
high-rate 


were 


loading 


digestion be 
with one 
One obstacle of 


tentialities of 


cause they working 


variable at a time 
obtaining high loadings in sludge di 
vestion in the laboratory has been the 
Making an initial mix 


ripe sludge and fresh solids 


batch process 
ture of 
where a 30- or 40-day quota of fresh 
added all at 
reproduce the 
with 


once does not 
prevailing 
feeding. An initial 
overloading and glut, with subsequent 


solids is 
conditions 
incremental 


starvation conditions, is not conducive 


to maintaining a uniform maximum 
rate of digestion. 

In the large tank work Mr. Torpey 
attempted to obtain maximum utiliza 


tion of tank capacity by recirculation 
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of the sludge from the tank to the raw 
sludge line. Although this method 
gave an intimate mixing of the raw 
sludge with the ripe seed sludge, it 
was not ideal for maximum utilization 
of tank capacity. Calculations show 
that despite the recirculation, only 
one-third of the capacity of the large 
tank was being utilized. The mechani- 
cal stirring in the pilot digesters gave 
more effective mixing and utilization 
of tank capacity. Whether a mecha- 
nism for effective mixing of large 
tanks can be developed remains to be 
seen. 

Uniformity of feeding appears to 
be another important factor. Thick- 
ened sludge was fed at intervals of 
30 to 60 min. Additional work on this 
problem is needed to establish the 
optimum rate of feeding. In general, 
it would appear that as the digestion 
is pushed to the maximum rates, the 
necessity of feeding be- 
The thickener 
serves as a reservoir of raw solids. 

Effective utilization of tank capacity, 
uniform feeding, and intimate contact 
between the food and microorganisms, 


continuous 
comes more important. 


as prerequisites to high-rate digestion, 
have their parallel in the development 
of high-rate trickling filters, which be 
came possible only with the effective 
utilization of and volume by 
uniform distribution of and 
more effective utilization of time by 
more continuous application of sewage 


Space 


sewage 


Thickening of the sludge or increased 
concentration of food is an additional 
factor in intensifying the biological ac 
tivities in sludge digestion which is not 
feasible in the treatment of sewage by 
trickling filters. The ability to void 
the excess sludge at will is another im 
portant departure between the paral 
lel of high-rate digestion and high 
rate biological filtration. The inabil 
ity to obtain positive control over the 
discharge of excess biological growth 
in high-rate serious 
limitation to the application of even 


filters imposes a 


higher loadings 
In any biological treatment process, 
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whether anaerobic or aerobic, when 
these environmental and engineering 
factors are controlled, microorganisms 
seem to be able to adjust themselves 
to a higher population level and seem- 
ingly do more work than was deemed 
possible. It has been pointed out that 
microorganisms do not need rest pe- 
riods. The reason for less than maxi- 
mum efficiency is not due to biological 
failure, but rather to failure to exploit 
the activities of microorganisms to the 
maximum by not providing them with 
the proper environmental conditions. 
iological failure is naturally possible 
if there is some inhibiting agent in the 
food material. Even in the absence of 
such inhibiting materials biological 
failure will take place beyond a cer- 
tain maximum rate of feeding, even 
under ideal conditions, as it did in the 
pilot-plant experiments when the load- 
ing exceeded 1.2 lb. of volatile solids 
per cubie foot per day at a displace- 
ment time of 2.6 days. 

It is interesting to speculate as to 
why failure occurred at this point; 
whether the critical factor was loading 
per se, or displacement time. In any 
biological process, time is a factor and 
the specific time required to complete 
a process is dependent on the rate of 
multiplication or generation time of the 
organisms. It is possible that the 
veneration time of some essential or- 
ganism in sludge digestion, such as the 
methane bacteria, is in excess of 2.6 
days. If this is the case, the organ- 
isms could not attain maximum popula- 
tion level because the displacement time 
is shorter than the generation time 
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On a practical level, as in any other 
new and important development, the 
paper raises a number of problems and 
questions which can only be answered 
by additional work and experience. It 
will require years of application, ex- 
perience and development to encounter 
and solve the problems arising from as 
significant and striking a departure 
from conventional practice as this. 
Anticipation of such problems and 
difficulties is no reason for rejecting 
the future possibilities of this process 
The problems and difficulties are not 
insuperable; neither are they beyond 
the ingenuity of competent sanitary 
engineers to solve. The following are 
some of the limitations and problems 
connected with the application of high- 
rate digestion: 


1. The process has its greatest appeal 
for the larger plants. 

2. The dewaterability of sludge from 
high-rate digestion should be 
mined. 


deter 


3. The storage capacity requirement 
of digested sludge for various methods 
of sludge disposal should be worked 
out. 

4. A study should be made of the 
effect of interruption of feeding for 
various periods on the subsequent di 
gestion. 

5. Storage capacity requirement for 
feeding raw sludge at a continuous 
rate with fluctuating solids received 
and captured should be determined. 

6. Development of an_ effective 
method of utilization of tank capacity 
by mechanical means is required 


DISCUSSION 


By Henry R. Kine 


Senior Civil Engineer, The Sanitary District of Chicago, III. 


Mr. Torpey is to be commended for 
instigating and conducting the experi- 
mental work at the Bowery Bay plant 
on high-rate digesters. The data ob- 
tained are of considerable value to the 


sanitary engineering profession. It is 
important to know that high rates of 
digestion do obtain in digestion tanks 
and that, as a consequence, tank vol- 


umes can be reduced by increased 
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utilization of the digestion space by 
means of better mixing. This is par- 
installations 
disposed of 
from the di 
Where digesters also serve as 


ticularly important in 
where the sludge can be 
as rapidly as removed 
ester 
advanta 
geous to know the space that must be 


sludge storage basins, it 1s 
devoted to the digestion process. 

In connection with an experimental 
pilot digester, 
thor, in 


such as used by the au 
which tank space was fully 
utilized by means of adequate mixing, 
it is interesting to note that the diges 


tion process involved can be mathe 
matically equated. For a digestion 


tank in which the process is in balance 
(that is, in which the digestible mat 
ter, in the sludge added each hour, less 
the digestible matter in the sludge re 
moved, equals that digested each hour) 
the equation is as follows 

(1.0 —F + DF) K (1.0 — R) = DF.(1 
in which D is the digester displacement, 
in hours; /? is the digestion rate of the 
digestible matter, expressed as a deci- 
mal fraction per hour; and F is the 
undigestible matter per unit volume of 
sludge removed from the digester, ex 
pressed as a decimal fraction of that 
per unit volume of sludge added. This 
‘an be reduced to such forms as 


1.0 R 
2b 
DR R+ 1.0 
Rk R 1.0 
2c 
Rik 


which can be used for computing the 
digestion rate, the undigested fraction, 
and the displacement period, respec 
tively. 

The author's conclusion that for the 
same degree of digestion two tanks in 
series require than 
one can be demonstrated by means of 


less total volume 
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the Eqs. 2. 
digestion 


For example, assume the 
rate, R, to be the same for 
one tank alone as in both of two tanks 
in series, and that it is equal to 0.042, 
which is the equivalent of the author’s 
digestion index of 100 per cent per day. 
Also, assume that the digestion must 
be 95 per cent complete; that is, only 
5 per cent of the gas is to be unrecov- 
ered. In the case of one tank operat- 
ing alone the undigested fraction, F, 
equals 0.05 and from Eq. 2c the dis- 
placement period, D, must be 432 hr., 
or the equivalent of 18 days. For two 
tanks in series, the value of F would 
be the both, due to the dis- 
placement and digestion rate being the 
same, and would be \/0.05, or 0.224. 
From Eq. 2c the displacement for each 
tank would be 79 hr., or a total of 158 
hr. for the two tanks, would 
mean a saving of 63 in the 


same in 


which 
per cent 
total tank volume required 

If the rate of digestion remained un 
affected, the total tank volume required 
could be reduced without limit by in 
creasing the number of stages in the 
digestion However, the au- 
thor’s tests indicated that the process 
breaks down when the displacement pe 
riod of the primary digester is reduced 
to about 3 days and it probably should 
not be operated at less than 5 days in 
order to be on the safe side. 


process. 


Therefore, 
use of more than two stages in diges- 
tion does not seem to be practical. 
Eq. 2c can be used to determine the 
effect of mixing by using the equation 
to compute the percentage of the vol- 
ume of a heated digester actually uti 
Meas 
urement of the normally unrecovered 
gas available in a unit volume of sludge 


lized by the digestion process. 


removed from a digester, and dividing 
this by the total gas available in a 
unit volume of entering the 
tank, gives the value of the undigested 
fraction; that is, the value of F. 
From the pilot digester tests the di- 
gestion rate of the digestible matter 
is probably from 4 to 5 per cent per 
hour, equivalent to an R of 0.04 to 0.05, 


sludge 
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which values, along with that of F, 
can be used to compute the effective 
displacement of a tank. For example, 
the plant tank at Bowery Bay was pro- 
ducing 84 per cent of the available 
gas, which indicated a value for F of 
0.16. Using Eq. 2c, the effective dis- 
placement was 126 hr., or 5.2 days, if 
R was 0.04; 100 hr., or 4.2 days, if R 
was 0.05. The average displacement, 
based on the total tank volume, was 
11.8 days. Thus, for the rates of di- 
gestion assumed, between 44 and 36 
per cent, respectively, of the tank vol- 
ume was utilized by the digestion proc- 
ess. The author estimated the effective 
utilization of the tank volume at 36 
per cent based on the relative volume 
requirements of the pilot digester, and 
33 per cent based on the salt displace- 
ment test. 

For two tanks of the same size op- 
erating in series, such as in the pilot 
digester test, the unrecovered gas 
available in the sludge removed from 
the second tank can be computed, as- 
suming the same digestion rate occurs 
in the second tank as in the first. 
For example, let A be the rate at which 
gas is produced in the primary tank; 
B the rate at which gas is produced in 
the secondary tank; and C the rate at 
which available gas is lost in the sludge 
discharged from the secondary tank. 
Then, since from Eq. 2a the value of 
F for the two tanks must be the same, 


840 


which reduces to the form, 


~A-B 


(3) 


Using Eq. 3 the writer computed 
the rates of loss of available gas in 
the sludge discharged from the sec- 
ondary tank in the pilot digester tests. 
The data on the measured gas pro- 
duction rates of the two tanks were 
used for this purpose as given in 
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Table Il. Adding the rate of gas loss 
to the sum of the measured rates of 
gas production in the two tanks gave 
the rate at which available gas entered 
the primary digester in the raw sludge. 
This was done for each period of the 
test and the digestion indexes com. 
puted. The indexes thus obtained 
agreed closely with the author’s for 
Periods 1 to 8, but were lower for 
Periods 9 and 10, when there was a 
definite breakdown occurring in the 
primary digester. The higher values 
obtained by the author for the primary 
digester for Periods 9 and 10 resulted 
from his assumption that the rate of 
digestion in the secondary tank con 
tinued at about 100 per cent per day 
regardless of the deteriorated condi- 
tion in the primary tank and data are 
given on volatile acid content in the 
secondary tank which may indicate 
that he is right. However, his method 
does indicate a rapid decline in the 
available gas per pound of volatile 
solids entering the primary tank in 
Periods 9 and 10, which is rather diffi- 
cult to account for. By the writer's 
method the computed available gas 
per pound of volatile in the raw sludge 
remains about the same for Periods 9 
and 10 as prior thereto, a condition 
that would normally be expected. 

Mr. Torpey has made a valuable 
contribution to engineering knowledge 
in his determination of the rates of 
digestion of digestible matter in heated 
digestion tanks. However, it is doubt- 
ful if the total volume can ever be 
fully utilized for the digestion proe- 
ess in plant-size tanks. There is the 
question of the extent to which effective 
displacement can be economically in- 
creased by means of mixing; that is, 
relative to the total tank volume. If 
this should be 50 per cent, then 10 
days displacement based on total tank 
volume would probably be a safe mini- 
mum requirement. It is probable, 
however, that such a tank, due to being 
half filled with well-digested sludge, 
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would be more stable than the pilot 
digester operating at 5 days displace- 
ment. However, if the effective dis- 
placement of such a plant-size tank of 
10 days apparent displacement should 
be 3 days instead of 5, the process might 
tend to break down, despite the pres- 
ence of well-digested sludge occupying 
70 per cent of the tank volume, because 
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the buffering effect of this sludge would 
be very slight, due to it being retained 
uncirculated in the tank. The extent 
to which apparent displacements can 
be reduced in plant-size heated diges- 
tion tanks depends on the increased 
costs involved in producing improved 
mixing as related to the savings result- 
ing in tank volume required. 


EDUCATION A FACTOR IN POLLUTION CONTROL 


By E. F. 


ELDRIDGE 


Director, Washington Pollution Control Commission, Olympia, Wash. 


Edueation of the public is an important 
and necessary phase of a pollution control 


program, ‘To the layman, pollution is un 
desirable and he is definitely in favor of 
clean waters; however, for the most part he 
has little idea of what constitutes a condi 
tion of pollution He hears about sewage 


treatment and is called upon to pay the cost 
of the plant for his community. He usually 
agrees that the treatment of sewage is neces 
sary and seldom complains strenuously about 
the cost for this reason he is entitled to 
a general understanding of the process and 
its accomplishments 

One method used by the Pollution Control 
Commission of the State of Washington to 
inform the people of that state regarding 


their pollution problem is by an _ exhibit. 
This exhibit is shown at fairs and other 
gatherings throughout the state. In order 
that it may be effective it is constantly at- 
tended by a staff member. 

The exhibit contains a working model of 
1 sewage treatment plant. The back board 
contains a relief map of the state. Holes 
bored in the map at the location of com- 
munities are covered on the back by colored 
cellophane’ indicating existing treatment 
plants, plants under construction, and plants 
required, Flashing lights back of the board 
attract attention to the story. On one side 
panel are three colored transparencies show- 
ing polluted waters. The other side panel 
shows views of clean waters. 
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FLOW MEASUREMENT IN SEWAGE WORKS * 


I. Fundamentals 


By Water H. Brown anv Georae E. Symons 


Respectiwely Project Applications Engineer, Builders-Providence, Inc., Providence, R. 1., and 
Consultant and Technical Editor, Larchmont, N. Y. 


This treatise is an organized compila- 
tion and basic presentation of the fun- 
damentals of flow measurement in sew- 
age works. The subject is not new; its 
importance is well known, and many 
articles have appeared on various 
phases and aspects of the topic, but the 
following presentation is an attempt 
to collect and collate current informa. 
tion in a form that will be useful for 
reference purposes. 


Concept of Quantity 


Quantity is an amount of something. 
In the case of fluids (liquids and 
gases), quantity is a measure of either 
volume or mass (weight) of a substance 
confined or contained in any given 
structure, vessel, tank, pipe, ete 


Veasurement of Quantity 


Quantity of a liquid may be deter 
mined by weighing it in standard units 
(pounds, kilograms, or parts thereof) 
or by measuring the volume occupied 
using standard units of cubical capac 
ity (cubie feet, gallons, liters, ete.) 

Quantity of a gas may be determined 
by weighing a closed, tared container, 
but this is impractical for large vol. 
Quantity of a gas is preferably 
determined by measuring the volume 
occupied in terms of cubical capacity 
cubie feet, liters, ete.) 

Quantity of both liquids and gases 
will vary with both temperature and 
pressure changes. Therefore, it is nec- 
essary to set standard conditions to 


umes, 


* Presented at 1954 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; Jan. 21-22, 1954 


which measurements of quantity can 
be referred for comparison. 

Pressure effects on liquids are negli 
gible; therefore, the standard condition 
for liquid measurement is 60° F. Both 
pressure and temperature are impor- 
tant in gas measurement; the standard 
conditions are 60° F. and 30 in. of 
barometric pressure. Laboratory ob 
servations are sometimes referred to 
0° C, (32° F.) and 760 mm. (30 in.) 
pressure. 


Concept of Flow 


‘*Flow’’ is quantity in movement 
from one point to another (or past a 
point) in a specified interval of time 
This fundamental idea of flow may be 
visualized from Figure 1, which shows 
a pipe connecting two tanks containing 
a liquid. When the valve is closed, 
there is no movement of liquid from 
one tank to the other. Under these 
conditions the volume of the liquid in 
the pipe is represented by 


in which V is the volume, A is the cross 
sectional area, and L is the length of 
the pipe 


Free 
urtoace 
Difference 
| in 

Llevation 
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FIGURE 1.—Fundamental concept of flow. 
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If the valve is opened, the liquid 
is under pressure 
(head) since the liquid in Tank 1 is 
higher than the liquid in Tank 2. The 
quantity moving then becomes the num- 
that the length of pipe, Z 
is filled and emptied in a given period 


moves because it 


ber of time 


of time, 7. Since L/T = velocity, it is 
obvious that for flowing liquids 


in which 
( = Volume, in 
time, 7’; 
A = Area, in square feet; and 
V = Velocity in feet per unit time, T 
(usually per second or per minute) 


eubie feet per unit 


Velocity, or some function of it, there- 
fundamental factor in the 
of flow. It is this basic 
concept on which all flow measuring 
(except gravity are 


fore is a 
measurement 
devices scales ) 
based, 

The term ‘‘rate of flow’’ is applied 
for measurements of quantity in motion 
for a relatively short unit period of 
time; for example per second, minute, 
**Total 
or volume, is the term applied to 
the total amount of liquid moved dur- 
ing any unit of time, usually referring 
to a period of a day, month, or year. 
(Rate of flow is volume per unit time; 
total volume is average rate multiplied 
by the time the flow exists.) Rates of 
flow of liquids are usually expressed in 
one of these units: 


or hour, and sometimes day 
flow’’ 


Cubie feet per second (c.f.s.) (or per 
minute, per hour, ete.) 

Gallons per minute (g.p.m.) (or per 
hour, per day, ete.) 

Million gallons per day (m.g.d.) 
(lb. per 
(or per hour, per day, ete.) 


Pounds per minute min. ) 


Total volume is expressed in cubie feet, 
million usually per 
Rate of flow for gases is usually 
cubic feet per minute 
(e.f.m.) or per hour, per day, ete., re- 
ferred to standard conditions. 


gallons, 


day. 


gallons, 


expressed in 
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Reasons for Flow Measurement 


In any sewage treatment works there 
are a number of reasons for measuring 
flow, as follows: 


1. To provide data and information 
on plant operation. In short, flow 
measurement gives information on ac- 
complishment (or lack of it) and in- 
dicates to an operator, whether or not a 
plant is functioning properly. 

Data on total volume treated in a 
plant, or handled in sewers, in a day, 
week, or year, will serve for comparison 
purposes and help to chart trends and 
conditions necessary for future plan- 
ning and changes or additions needed 
in the system. Data on rate of opera- 
tion and total volume handled by in- 
dividual operating units, aid in the 
proper operation and maintenance of 
those units; for example, settling tanks, 
trickling filters, activated sludge units, 
digestion tanks, ete. 

2. To provide information on oper- 
ating efficiency, particularly unit opera- 
tions, such as pumping, sedimentation, 
oxidation, disinfection, and digestion. 

3. To provide control of unit opera- 
tions such as sewage flow, pump opera- 
tions, dosage rates in trickling filters, 
aeration and return sludge in activated 
sludge, loading on digesters, 
digester heating, sludge disposal opera- 
tions (particularly where elutriation 
and chemical dewatering and incinera- 
tion are practiced), and in chemical 
feeding. 

4. To ascertain quantity of sewage 
received from outlying communities or 
from industrial establishments, particu- 
larly where charges for treatment are 
made against the outlying community 
or the industries. 

5. To determine costs of operation, 
both over-all and unit operations, since 
practically all costs are based on vol- 
ume handled, usually calculated per 
million gallons. 

6. To provide records of perform- 
ance. Such records enable officials re- 
sponsible for plant operation to pre- 
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pare reports to the publie and to state 
health departments on accomplishments 
of the plant and efficiency of operation. 
Records are also an aid in the case of 
lawsuits resulting from alleged pollu- 
tion or nuisance conditions. 


Devices for Flow Measurement 


Several devices are available for 
measuring flow rates. 


Gravimetric Scales 


A seale can determine the weight of 
fluid confined in relatively small con- 
tainers, and thus give a measure of 
total quantity; but it is generally im- 
practical to weigh large quantities and 
such a system can be applied only to 
batch movement. 

Measurement of flow rates of liquids 
on scales is possible only in loss-of- 
weight feeders or meters, which con- 
tinually weigh, indicate, and record 
the decrease in weight of a container 
of liquid. Tank car lots are the largest 
feasible size of container for this pur- 
pose. 

Measurement of flow rates of solids is 
possible with a conveyor-type scale 
(weightometer) where the weight of 
solid on a moving belt is determined. 
This device is used in weighing sludge 
from vacuum filters. 


Fill-and-Draw Devices 


The total quantity of a liquid (or a 
gas confined by a liquid) can be de- 
termined if the liquid enters and leaves 
a vessel of known cubical content. The 
change in liquid level in the vessel or 
tank is a measure of liquid volume con- 
tained in the vessel. This method has 
the limitation that the change in level 
must be due solely to the liquid enter- 
ing or leaving the tank; input and out- 
put cannot take place at the same time. 

Fill-and-draw devices are useful for 
measuring liquids in reservoirs, storage 
tanks, digestion tanks, ete., and thus 
for determining the total volume of the 
liquid going in or out. Rate of flow 
can be determined by such devices 
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only by timing the linear travel of the 
surface of the liquid. 

The tipping bucket for measuring 
digested sludge, ete., is the simplest 
form of fill-and-draw device; a counter 
attached to the motion of the bucket 
will serve as a means of calculating the 
total quantity of flow. Rate of flow is 
seldom determined by a tipping bucket, 
but could be done by timing the number 
of operations over a specified period. 


Pumps 


If liquids are pumped, the number 
of repeat cycles of operation of the 
pump can be used as a measure of the 
total flow and the rate of these opera 
tions can be used as a measure of rate 
of flow. 

Controlled volume reciprocating 
pumps give a constant output for each 
eycle of operation; but centrifugal 
pumps, if used for measuring purposes, 
must be calibrated as to discharge for 
each speed of operation, suction lift, 
and discharge pressure. 


Constant Differential Meters 


The rotameter is a rate-of-flow in- 
dicator for liquids and gases. It con- 
sists of a tapered tube, smaller at the 
bottom than at the top, and a movable 
element, called the ‘‘float,’’ which rises 
in the tube as the flow through the tube 
increases. The difference in pressure 
below and above the float remains con- 
stant and the position of the element 
gives a fairly accurate measure of in- 
stantaneous rate of flow. This device 
is not used for large flows. 


Hlead-Area Meters 


A head-area meter is a flow measur- 
ing device used only for open channel 
flow or flow in partially filled pipes. 
It operates on the principle that a con- 
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FIGURE 2.—Types of weirs. 
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FIGURE 3.—Parshall flume installation. 


striction or controlled barrier in the 
flow channel will back up the liquid (to 
force the liquid past the barrier) creat 
ing a higher level or head than the 
level below the barrier. This head or 
elevation of the liquid above the barrier 
is a function of the velocity of flow and 
therefore of volume flowing through a 
known constriction per unit time. For 
proper operation, the level of liquid 
below the barrier must be lower than 
it is above 


FIGURE 4.—Open flow nozzle 
installation. 


Weirs are barriers or dams of con 
trolled and predetermined cross-section, 
the flow characteristics of which have 
been determined and formulated. Com 
mon weirs (V-notch, rectangular, and 
Cipolletti) are shown in Figure 2 
Another type is the Sutro or propor 
tioning weir. 

Measuring flumes are constricted 
channels of predetermined dimensions 
There are two types: the Venturi flume, 
seldom used, and the widely known 
Parshall flume (Figure 3) 

An open flow nozzle (Figure 4) con 
sists of a constriction at the end of a 
pipe, flowing partially full, from which 
the flow drops without interference to 
a lower level 


Functional Meters 


Kunectional meters are mechanical de- 
vices which measure some function of 
the volume or mass in movement, and 
by means of other mechanical devices 
convert this measurement into units of 
rate of flow or total quantity of flow 

Note: Displacement meters, like the 
common household water meter, are es 
sentially ‘‘closed tipping buckets’’ and 
operate on the fill-and-draw principle 
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There are several types of functional 
meters—differential head meter, veloc- 
ity meter, Pitot tube, and Massometer 
The first three all measure some fune 
tion of velocity of flow; the last meas- 
ures an inertia force of a moving mass. 

Differential head meters, as the name 
implies, produce a difference in pres- 
ure (head) between two points as the 
fluid flows through the device. The 
essential part of these meters is a con- 
striction in the line of flew. This con- 
triction causes a change in velocity of 
flow accompanied by a change in pres- 
sure (head). The change in pressure, 
or differential head, between the two 
points is proportional to the square of 
the flow. Three types of differential 
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Single Tubes Dif ferential Tubes 


FIGURE 7.—Single and differential type 
Pitot tubes. 


head meters (Venturi tube, insert noz- 
zle, and orifice) are shown in Figure 5. 
There are other types of differential 


TABLE I.—Meter Locations for Complete Metering in Sewage Works 


Sewers 


|. Main sewers tributary to interceptors 
2. Tributary from outside municipality 
3. Tributary from industry 

4, Lift station discharge 

5. Sampling stations 


Pumping 


1. Running-time metere 


Primary Treatment 


1. Influent to plant 

2. By-pase lines 

3. Influent to individual settling tanks 
1. Settled sludge, drawn or pumped 


Disinfection 


1. Chlorine 
2. Water for chlorination 


Secondary Treatment 


A.—Trickling filters: 
1. Influent to each filter dosing tanks 
(counters) 

2. Sludge from final clarifier 

3. Recirculation 
B.—Activated sludge: 

1. Influent to each aeration tank 
Return sludge to each tank 
Sludge from final clarifier 
Sludge to waste 
Air volume to each aeration unit 
6. Total air volume 
7. Ratio of air to sewage 
8. Ratio of return sludge to sewage 


Sludge Digestion 


1. Raw sludge added 

2. Digested sludge drawn 

3. Supernantant liquor drawn 

1. Gas volume produced 

5. Heating-water flow 

6. Recirculation through heat exchanger 
7. Gas burned for sludge heating 


Sludge Disposal 


1. Sludge volume handled 
2. Sludge dewatering: 
(a) Elutriation water 
(b) Elutriated sludge 
(c) Ratio of sludge to elutriation water 
(d) Dewaterated sludge cake 
(e) Filtrate liquor 
(f) Chemicals 


Miscellaneous 

1. Plant water 

2. Gas used 

3 Electricity 

4. Fuel oil 

5. Potable water 


Measurements Other Than Flow 


|. Temperature: 

(a) Atmosphere 

(b) Plant influent 

(c) Digester heating water 
(d) Digester contents 
Barometric pressure 
Rainfall 

Wind direction and velocity 
Gas concentration alarms 
6. Pressure in pipelines 

7. Tank levels 
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FIGURE 8.—Meter location diagram for activated sludge plant. 
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head preducers, similar to the Venturi 
tube; these are discussed in Part II. 
A velocity meter (Figure 6) consists 
of a device by which a vane or propeller 
is Inserted in a pipeline at a point of 
definite cross-sectional area. This pro 
peller turns in direct relation to the 
velocity of fluid flow and therefore can 
be used as a measure of rate of flow 
Velocity meters, when used in open 
channel flow are called current meters 
Pitot tubes (Figure 7) are devices 
lor determining the velocity of liquid 
flow at a point of known cross-sectional 
area of a conduit. The Pitot tube con- 
sists of a vertical tube with a tip at 
right angles, the tip being inserted in 
an open flow and faced upstream. The 
height to which the liquid rises in the 
tube is a function of the velocity of 
flow and, hence, rate of flow. For use 
in closed systems under pressure, a 
variation is used wherein the tube tip 
faces upstream and there is a static 
pressure tap at right angles to the 
flow. The differential pressure between 
the two is a function of velocity and, 
hence, rate of flow. To increase the 
differential and improve reading ac 
curacy, two tubes are used, one tip 
facing upstream and one downstream 
The differential thus produced is ap 
proximately twice that obtained with 
the single tip and static pressure tap 
Inertial flow meters are devices which 
do not measure volume, but measure 
mass In movement by determining an 
inertia force developed by the flowing 
mass. The measurement is not  in- 
fluenced by viscosity, temperature, 
pressure) compressibility, or non-ho 
mogeneity of the fluid 
In the Coriolis flow meter, an im- 
peller rotates about the axis of the 
flowing fluid ; that is, at right angles to 
the direction of fluid flow. As the fluid 
particles enter the meter and meet the 
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rotating vanes of the impeller, their 
axial velocity is converted to radial 
velocity, which increases as the fluid 
travels to the outer rim of the impeller 
This increase in radial velocity is known 
as the ‘‘Coriolis acceleration’’ and is a 
measurable force directly related to the 
mass of the fluid flow 

The Gyro flow meter measures the 
precession effect (as the wobbling of a 
top or gyroscope) of a liquid passing 
through a circular pipe, which rotates 
aS a gyroscope, while the liquid passes 
through the pipe. Both of the last 
two devices are new and have not yet 
been used in sewage flow measurement 


Location of Metering Points 


The location of metering devices 
within a sewage works, including the 
sewer system, is usually dictated by 
three considerations—factors of design. 
personal preferences of the designer. 
and information desired for operation 
purposes. It is seldom a matter of cost. 
inasmuch as the cost of metering equip 
ment is but a small percentage of the 
total cost of the plant. 

In view of the relatively low cost of 
metering equipment, complete meter 
ing should be considered in all of the 
larger plants and in many small ones. 
Complete metering will assure avail 
ability of complete information on all 
phases of operation and make it pos 
sible to know the performance of the 
whole plant as well as its component 
parts. Table I is an outline of the 
meter locations for complete metering 
Figure 8 shows a meter location dia 
gram for an activated sludge plant 

Part II, to be published in the 
March 1955 issue, presents and dis 
cusses the principal devices available 


and used for flow measurement in sew 
age works.—Ed 
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EVALUATION OF ODORS 


By C. W. anp N. J. 


Director and Materials Testing Engineering Assistant, respectively, Bureau of Standards, 
. Department of Public Works, Los Angeles, Calif. 


Of the seven or eight senses possessed 
by the human race, only two depend 
upon the chemical properties of matter. 
Taste and smell are responses to the 
chemical structure of molecules con- 
tacting the sensory surfaces. All of 
the other senses are physical in nature 
and are responses to such stimuli as 
light, heat, sound, and mechanical mo- 
tion. 

Instrumental aids have been devel- 
oped for the physical senses. Many 
optical devices have been used to 
supplement the eye. It is possible to 
determine and record the wavelength, 
frequency, intensity, and distribution 
patterns of light with great precision. 
In some cases the capacity of the eye 
to evaluate properties of light has been 
increased 1,000,000-fold. 

A similar extension of range oc- 
curred for the other physical senses. 
Heat, sound, temperature, and motion 
are subject to measurements of the 
most exquisite refinement. 

No apparatus has been devised to 
replace the most primitive of the senses, 
the sense of smell. 


Odor Perception an Individual 
Characteristic 


Instrumental measurements of odor 
are not possible, because the perception 
of odor is determined not only by the 
chemical structure of the molecules con- 
tacting the olfactory surfaces, but also 
by the genetic make-up of the perceiv- 
ing individual. Every person has his 
own private perception of odor which 
is aS intimate and individually char- 
acteristic of him as the chemical make- 
up of the chromosomes in his cells. 

Although precise determinations of 
the intensity and character of odors are 
not possible, it is often desirable to 


estimate the potential annoyance of an 
odorous gas to the general public 
Large sums are expended for the con 
trol or amelioration of unpleasant 
odors. When counteraction or mask 
ing, absorption or adsorption are em- 
ployed, complete elimination of the 
odor is seldom achieved. In such cases 
a determination of the effectiveness of 
the process is needed. When catalytic 
oxidation is employed, malodorous 
residues of combustion are sometimes 
present in the effluent gases, and it is 
desirable to compare the burned and 
unburned gases. 

In all investigative work numerous 
estimates and comparisons of odor 
levels must be made. In estimating 
odor intensity and character, it is de 
sirable to obtain a consensus of several 
observers. In the case of certain sub 
stances little agreement will be found 
among different individuals as to the 
quality of the odors. If a panel of ob- 
servers is asked their opinion of the 
odor of freesias, ratings of pleasant, un- 
pleasant, and odorless will be obtained 
and opinion will be about equally 
divided. For most malodorus sub- 
stances, however, the ratings obtained 
from a panel are likely to be similar 
with an occasional dissent from a single 
individual. Such a consensus may be 
considered to represent a normal reac- 
tion to the odor in question 


Precautions in Making Odor 
Estimates 


When obtaining an odor estimation 
from an observer the following precau- 
tions should be taken: 


1. The observer should not be ex- 
posed to the odor prior to the time when 
the rating is made. 


157 


: 
is, 
= 
i 
B 
; Ans 


158 


2. The gas temperature should be at 
the ambient temperature. 

3. The exposure to the odor should 
be brief (not more than or two 
seconds ) 

4. At the instant when the observa 
tion is made the gas should be present 


one 


in a sufficient quantity to fill both 
nostrils. 
5. The gas should not be blown 


rapidly against the olfactory surfaces. 
6. The observer should hear no com- 
ments or suggestions before his rating 
is recorded. 
7. The observation should be re- 
corded immediately after it is made 


The reasons for most of the precau- 
tions are obvious. Nearly everyone is 
aware of the rapid accommodation of 
the olfactory sense to odors, which 
makes it imperative that the observa- 
tion be brief. The profound effect of 
the temperature and velocity of the 
gas on the olfactory sensation are not 
so generally appreciated. It is impos- 
sible to estimate the odor of a hot gas 
or to properly evaluate the odor of a 


rapidly moving gas stream (such as 


FIGURE 1.—Polyethylene odor sampling bag before and after inflation. 
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the discharge from a vent pipe or 
duct). The olfactory sensation is pro- 
foundly modified by changes in the 
velocity and temperature of the odorif- 
erous gas 


Los Angeles Studies 


Various methods of eliminating or 
ameliorating sewer odors have 
under study by the Department of Pub- 
lie Works of the City of Los Angeles 
for several years. All of the usual 
methods of odor reduction, including 
absorption, adsorption, counteraction, 
and catalytic oxidation, have been tried. 
Each process tested has made necessary 
repeated evaluations of the odor, both 
with and without treatment. 

A convenient procedure for obtain- 
ing ratings from a panel of observers 
has been developed by the Los Angeles 
City Bureau of Standards. Polyethyl- 
ene bags 10 in. by 10 in. by 30 in. in 
size and costing less than $0.10 each 
are used. 


been 


These bags (Figure 1) are 


filled with about 40 1. of the gas that 
The open end of 
is closed by wrapping and 
tightly 


is to be evaluated. 
the bag 
tying it 


around an annular 
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FIGURE 2.—Evaluation of odor treatment by several observers away from odor source 
to eliminate olfactory accommodation. 


wooden closure member having an ori- 
fice with a rubber stopper.. The wooden 
member should be heated to remove 
any characteristic odors before using 
it initially. 

At sewer ventilating stations there 
is enough pressure to fill these bags at 
any convenient opening after the 
blower. At sewer manholes a hand- 
operated blower (1) is used to fill the 
bag. To evaluate combustion processes, 
a pipe is inserted into the outlet side. 
The hot gases are cooled by water- 
soaked rags tied to the pipe. The other 
end of the pipe is inserted into the 
wooden closure member. In some 
cases, where the pressure is too low, 
the pipe is led to the inlet side of the 
hand-operated blower and the bags are 
easily filled. 

Threshold concentration of odors can 
be evaluated by placing the filled bag 
in a wooden box more than 30 in. high, 
open at the top, and with one side 
movable. <A definite volume of the 
odor-bearing gas is pressed out, and the 
bag re-inflated with the hand-operated 
blower using fresh air as the diluent. 
This process is repeated until the odor 
is Just perceptible. 

Oxidation of odors has not seriously 
affected the determinations. An odor, 
very irritating to mucous membranes, 


obtained after a high-temperature com. 
bustion process will still exhibit ir- 
ritating properties after holding the 
gas several hours in the plastic bags. 

Adsorption of the odors or masking 
agents upon the walls of the bags has 
not been a problem. A single inflation 
with fresh air after expelling the odor 
under test is sufficient to remove almost 
all traces of very strong odors. 

It is possible to obtain a rating by 
six or more observers (Figure 2) from 
a single bag full of gas. The bag is 
held close to the observer’s face, the 
rubber stopper is briefly removed, and 
about 1 1. of the gas is expelled. The 
rater is thus enabled to obtain a brief 
impression of the undiluted odor. 

This method of securing a rating has 
several advantages for evaluating sewer 
odors and the effects of odor treatment, 
as follows: 


1. The rating need not be made at 
the source of the odor. Sewer odors 
may be transported in the bag more 
than 20 mi. with only slight decrease in 
strength. This makes it possible to ob- 
tain ratings from persons who are not 
available at the place of odor treatment. 

2. The rating can be made by ob- 
servers who have not previously been 
in contact with the odor. The atmos- 
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phere at a sewer location is generally 
tainted with the odor under test. When 
an observer is taken to the site of an 
odor treatment operation, some degree 
of accommodation is likely to oveur be 
fore a rating can be made 


4. The untreated gas can be stored 
for ready comparison with the odor 
The observer is able 
to form a more reliable opinion of the 
effect of treatment if the end product 


after treatment. 


is immediately compared with the orig 
inal odor 
4. When gases discharged from oxi 


dation processes are too hot for ac 
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curate evaluation, they can be cooled to 
ambient temperatures before testing. 

5. Threshold concentration can be 
determined by expelling a fixed amount 
of the gas and re-inflating with fresh 
air. 

6. The equipment is inexpensive and 
portable 


Reference 
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EFFECT OF SOILS ON ASBESTOS-CEMENT PIPE 


Detailed information regarding the effect 
of soil exposure on the properties of asbestos 
from field 
completed by the National Bureau 
of Standards as part of a long-range pro 
effects of 
soils on materials for underground construc 


resulted studies 


cement pipe has 


recently 
determine the 


gram to various 


tion Re press ntative specimens were exposed 
to a wide variety of soil types for periods up 
to 13 years and, upon removal, the physica! 
and mechanical properties of the pipe speci 
The data 
an over-all picture of 
the rate and extent of alteration of this type 
of pipe in the 


mens were carefully investigated. 


thus obtained provide 


soils studied 

The exposure studies included two varieties 
of asbestos-cement pipe specimens, one 4 in., 
the other 6 in, in diameter, designed to with 
stand a pressure of 150 |b. per sq. in. (class 
150 pipe). Both sizes of pipe were fabricated 
in essentially the same manner. 
removed from the 
15 exposure sites after periods of 2, 4, 9, 11, 
and 13 
taken up at the 
years. After 


tested for 


Six-inch specimens were 


years Four-inch specimens were 
of 2, 7, 9, 11, and 13 
removal the specimens 
bursting strength, 
crushing strength, water absorption, apparent 
specific gravity, and condition of the surface 
of the 


of unexposed 


end 
were 
hydrostatic 


specimens Representative specimens 
of both types were also 
subjected to the same tests, to supply refer 
effects of the 
various soils and periods of exposure on the 
pip 

In general, the data show an increase in 


pipe 


ence data in determining the 


materials 
strength during the early periods of exposure 


1 Romanoff, M., and Denison, I. A., ‘‘ The 
Effect of Exposure to Soils on the Properties 
of Asbestos-Cement Pipe.’’ Corrosion, 10, 


169 (1954) 


followed by a decrease in strength during the 
latter periods. The increased strength, which 
is generally accompanied by a decrease in 
water absorption, is associated with a curing 
process that continues for several years during 
exposure to the After the completion 
of the process, the specimens were 
subject to weathering, as manifested by loss 
in strength, apparent specific 
gravity, increased absorption of water, and 
superficial softening. 


The 


soil, 


curing 


decrease in 


averages of the strength and water 
absorption measurements indicated that the 
curing period was 2 to 4 years in the 6-in. 
pipe, as compared with approximately 7 years 
in the 4-in. pipe. This longer curing period 
may be due not only to different initial curing 
processes, but dimen 
sions, composition, and method of fabrication. 


also to differences in 
Weathering also proceeded more rapidly in 
the larger than in the smaller pipe. 

The rate and alteration of the 
specimens were affected considerably by the 
nature of the 
were exposed 


extent of 


soil conditions to which they 
For example, weathering was 
accelerated by both inorganic 
acidity. Since the decomposition of organic 
matter provides a 


organic and 
carbonic 
acid to the ground water and so increases its 
activity, relatively 
of portland 
soils high in organic matter. 

The average tensile strength of the 6-in. 
pipe after 13 years exposure was of the same 


large amount of 


greater losses in strength 


cement would be expeeted in 


order of magnitude as that of the unexposed 
pipe, and that of the 4-in. pipe was still 
higher. Even under the most adverse con 
ditions to which the specimens were exposed, 
the bursting crushing strengths of all 
the samples after exposure were higher than 
the requirements of the Federal specifications 
for asbestos-cement pipe. 
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EFFECT OF DRIED SEWAGE SLUDGE ON 
NITRIFICATION IN SOIL * 


By James E. anp G. W. JourpIAN 


Department of Bacteriology, University of Massachusetts, Amherst, Mass. 


The possibility of utilizing sewage 
sludge as fertilizer has been for some 
years a matter of interest to both agri- 
culturists and sewage treatment plant 
operators: to the former, as a source of 
organic fertilizer for soils in lieu of in- 
creasingly inadequate supplies of barn- 
yard manure; to the latter, as a means 
of disposing of accumulations of sludge. 
The subject has been reviewed at some 
length in the Federation’s Manual of 
Practice No. 2 (1). 

If sludge is applied to soil, two fac- 
tors must be considered. The first is 
the hygienic aspect of the use of sludge ; 
that is, the possibility that enteric in- 
fectious diseases may be so dissemi- 
nated. This subject has been discussed, 
for all types of sludge, in Manual of 
Practice No. 2. Wolman (2) summed 
up the subject by stating that sewage 
sludge may be used as a garden ferti- 
lizer without detriment to human 
health if the sludge is held in a diges- 
tion tank for not less than ten days 
before it is put on the field, and that it 
must be applied before the crop is 
planted. 

The second concern is the fertilizer 
value of sludge and its effect on soil. 
This topic is reviewed also in Manual 
of Practice No. 2. In several cities 
sludge is processed and mineral con- 
stituents are added to produce a mar- 
ketable fertilizer. Milorganite is an 
example of this kind of treatment. Van 
Kleeck (3) has presented an interesting 
pictorial report of the results achieved 
by using sludge as a fertilizer in a land- 
scaping project. He also lists several 
of his bulletins and journal publica- 
tions on the subject. 


* Contribution No, 953, Massachusetts Agri 
cultural Experiment Station. 
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The present study was concerned 
with digested sludge from a primary 
treatment plant with separate sludge 
digestion. Fuller and Litsky (4) 
studied the survival of Escherichia coli 
in the drying and dried sludge and 
found that the organism disappeared 
fairly rapidly and was replaced by 
nonfecal coliform types. It seemed 
reasonable to conclude that pathogenic 
enteric bacteria would not survive in 
the sludge longer than the 2. coli. 

The purpose of the present study was 
to contribute more information on the 
desirability of this type of sludge as a 
source of organic fertilizer. The par- 
ticular objective was to determine the 
effect, if any, of the sludge on nitrifica- 
tion in soil. No work has come to the 
authors’ attention on this aspect of 
sludge utilization 

In the process of sludge digestion at 
the disposal plant, the organic matter 
that is readily digestible disappears in 
a few days, with the result that the 
digested sludge consists largely of resi 
dual organic matter that is quite re- 
sistant to further digestion. It is ob- 
vious that any organic matter added to 
soil will be attacked and digested even- 
tually by soil microorganisms. Since 
such digestion will proceed slowly, it 
seemed possible that the microorganisms 
engaged in the process might use some 
of the soil nitrate as a readily available 
source of nitrogen and thus deplete the 
nitrate content of the soil. The study 
was undertaken to determine whether 
or not this would happen. Although 
the sludge contained about 1.5 per cent 
nitrogen, it was not expected that this 
would add materially to the nitrate 
content of the soil. If some of this 
nitrified, such nitrate 


nitroven were 


4 


could be considered in the nature of a 
‘‘honus.’’ In other words, the authors 
were interested principally in the use 
of the sludge as an organic conditioner 

The general plan of the experimental 
work was to determine nitrification of 
the soil’s own nitrogen, as a control, 
and nitrification of nitrogenous sub 
stances added to the soil. These nitrifi 
cation studies were made in soil with 
and without added sludge 


Experimental Materials 


With the exception of one clay soil, 
the soils employed in these experiments 
were sandy loams characteristic of the 
Connecticut Valley in Massachusetts. 
Soil was collected, air-dried in the 
laboratory, screened through a 40-mesh 
screen, and stored in a dry place until 
used 

The sewage sludge was obtained from 
the local sewage treatment plant, a 
primary plant with separate sludge 
digestion. After digestion, the sludge 
is filtered on a sand filter and dried 
Dried sludge was taken to the labora 
tory where it was pulverized, screened 
through a 40-mesh screen, and stored 
in a dry place until used. 

The procedure for setting up a study 
of nitrification in soil was that de 
scribed by Waksman (5). Three sources 
of nitrogen were employed : ammonium 
sulfate, cottonseed meal, and dried 
blood. Ammonium sulfate was selected 
to give information concerning the di- 
rect oxidation of ammonia to nitrate. 
Production of nitrate from the cotton- 
seed meal and the dried blood involves 
the whole process of digestion of pro- 
tein materials to ammonia and the con- 
sequent oxidation of the ammonia to 
nitrate. Cottonseed meal and dried 
blood were selected to provide both 
plant and animal proteins. 


Experimental Procedure 


The water-holding capacity of the 
soil was determined; then, 100-g. por 
tions were put into glass jars. The 
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various treatment categories were set 
up according to the following pattern: 


1. Soil, without addition, for control. 

2. Soil with ammonium sulfate, to 
give 30 mg. N per jar. 

3. Soil with 1 g. cottonseed meal per 


4. Soil with 0.25 g. dried blood per 
jar 


With each of these categories, equal 
numbers of jars were prepared with 
and without the dried sludge, which 
was added at the rate of 1 g. per jar. 

Preliminary experiments had shown 
that some control of acidity was needed, 
so 0.25 g. of calcium carbonate was 
added to each jar (5). 

Cottonseed meal, dried blood, sludge, 
and calcium carbonate were added di- 
rectly to the soil and mixed thoroughly. 
Ammonium sulfate was dissolved in 
water in a proportion that would give 
the desired amount of nitrogen per jar 
when the water was added to the soil. 
The moisture in each jar was made up 
to one-half of the water-holding capac- 
ity of the soil. 

All samples were set up in triplicate 
for each category, and all experiments 
were repeated at least three times. 

When the samples had been pre 
pared, the jars were weighed. The 
weight was rechecked at least twice 
each week, and water was added as 
needed to make up loss by evaporation. 
The jars were covered lightly to con 
trol evaporation somewhat, and were 
stored in a dark place at room tempera 
ture (about 75° F.) Storage periods 
were one, two, and three months. 

After the samples had been stored 
for desired lengths of time, the content 
of each jar was put into a measured 
amount of water, shaken in a me- 
chanical shaker, then filtered. Nitrate 
determinations on aliquots of the fil- 
trates were made by the phenoldisul- 
fonie acid method of Snell and Snell 
(6). An electrophotometer was em- 
ployed for the readings. All values 
were calculated as p.p.m. of nitrogen. 
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TABLE I.—Nitrate Nitrogen' from Ammonium Sulfate’ in Sandy Loam Soil, 
with and without Sludge 


Sample |! Sample 2 


(Category 


Low High Mean Low High Mean 


Soil (control) 1.00 1.00 
Soil with sludge 1.20 1.24 1.22 1.11 1.15 1.15 
Soil with ammonium sulfate 5 ADS 5.80 5.55 4.15 | 5.00 4.80 
Soil with ammonium sulfate and 

sludge 6.45 6.66 6.55 4.67 5.32 5.10 


' Values expressed as ratios to control 
30 mg. N per 100 g. soil. 


Experimental Results soils could be compared with any ae 


curacy. 
All data were calculated as ratios : 


based on the controls; that is, on 
nitrification of the soil’s own nitrogen. 


The data shown in the accompanying 
tables were results from jars that had 
been stored for one month. This con- 
forms to the procedure outlined by 
Waksman (5). Results from jars 
stored for two months showed slightly 
larger amounts of nitrate nitrogen than 
were obtained for one month, but the 
same trends appeared. In jars stored 
for three months, the results were more 
divergent than were those for one and 
two months. Since the data for one 
mouth of storage were representative, 


This calculation was necessary for com- 
parison of results obtained with differ 
ent lots of soil because the soil samples 
had been collected from plots with 
varied previous treatments of fertilizer 
and lime and had been planted with a 
variety of crops. Thus, when data for 
different soil samples were compared, 
the control values differed considera- 
bly, and so did the nitrification of the 
added nitrogenous materials Since 


they were selected for presentation 
the purpose ol the investigation was (Tables I. Il. and III). For all cate 


to learn whether or not the added — gories, the combinations were prepared 
sludge affected the nitrate content of with and without sludge. All were 
prepared in triplicate. 

An additional experiment was per 
as a basis of calculation. Hence, the formed with a heavy clay soil, the re 
ratio system seemed to be the only way — sults of which are shown in Table IV 
in which the values for the different Since, in this experiment, the jars were 


the soil, it seemed best to consider each 
soil as an entity and to use the control 


TABLE II.--Nitrate Nitrogen' from Cottonseed Meal’ in Sandy Loam Soil, 
with and without Sludge 


Sample | Sample 2 


Category 


High Mean 


High 


Soil (control) 1.00 1.00 


Soil with sludge 1.16 1.25 1.22 1.47 1.55 1.50 
Soil with cottonseed meal 8.25 8.95 | 8.80 6.63 6.80 6.70 
Soil with cottonseed meal and 

sludge 8.25 | 960 | 9.10 | 7.00 | 7.25 7.18 


| 
‘ Values expressed as ratios to control. 
* Ig. per 100 g. soil. 
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TABLE III. 


(control) 


Soil with sludge 1.15 
Soil with dried blood 3.67 
with dried blood and sludge 4.00 


' Values expressed as ratios to control 


*0.25 g. per 100 g. soil 


prepared for all categories at the same 
time, they were prepared only in dupli 
cate because of the time required to 
make the 
tions. 


terminal nitrate determina 


Discussion 


Throughout the series of experiments 


the general trend of results was the 
same in that the soil combinations con 
taining dried sludge gave nitrate re 
sults equal to, or greater than, those ob 
tained from the analogous combinations 
without sludge. This would indicate 
that the sludge at least did not deplete 
the nitrate content of the soil. On the 
contrary, in most instances, the sludge 


appeared to contribute some nitrate to 


TABLE Nitrate Nitrogen' from 
Ammonium Sulfate,? Cottonseed 
Meal,’ and Dried Blood,‘ in 
Clay Soil, with and without 


Sludge 
(Category, Low High) Mean 
Soil (control) | 1.00 
Soil with sludge 1.12) 1.12) 1.12 


Soil with ammonium sulfate | 5.16) 5.50) 5.3: 
Soil with ammonium sulfate | 
5.66) 5.66) 5.66 


6.32) 6.50) 6.42 


and sludge 
Soil with cottonseed meal 
Soil with cottonseed meal and 


sludge 6.66) 6.66) 6.66 
Soil with dried blood 4.34) 4.50) 4.40 
Soil with dried blood and 

sludge 4.34| 4.50) 4.40 


' Values expressed as ratios to control 
*30 mg. N per 100 g. soil 

1 g. per 100 g. soil 
£0.25 g. per 100 g. soil 
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Nitrate Nitrogen’ from Dried Blood’ in Sandy Loam Soil, 
with and without Sludge 


Sample | 


High 


February, 1955 


Sample 2 


Mean 


High 


1.18 1.17 1.18 1.20 | 
43.84 3.80 4.14 3.40 | 3.31 
1.31 4.16 3.40 353 | 3.49 


the soil and, in view of the objective 
of this investigation, the nitrate so con- 
tributed may be regarded as a ‘‘bonus.’’ 
The results from the clay soil are in 
cluded in this summary. 

Nitrate values from combinations 
containing dried blood appear, from 
the tables, to have lower ratios to the 
controls than do the values from com- 
binations containing cottonseed meal. 
That is because preliminary experi- 
ments had shown that 1 g. of dried 
blood gave so much nitrate that the 
filtrate required substantial dilution, 
so only 0.25 g. of dried blood was used 
per 100 g. of soil. The use of a smaller 
quantity of dried blood was preferred 
to a higher dilution of the filtrate. 

It must not be inferred that all re 
sults came out so perfectly that no 
discrepancies appeared. However, there 
were instances in which the diserep- 
ancies from a single combination with- 
out sludge were as great as any be- 
tween analogous combinations with and 
without sludge. On the 
satisfactory 


whole, very 
obtained 


among the triplicate jars of the vari- 


agreement Was 


ous combinations; and the experiments 
were repeated enough times, and with 
from different sources, so that it 
was permissible to discard occasional 
discrepant data. 

The sludge employed in this investi 
gation contained no industrial wastes 
In highly industrialized communities 
the presence of industrial wastes in 
sludge would be almost certain, and 
such wastes might well be detrimental 


soil 


| Low | mz Low Mean 
| | | é 
Soil 1.00 1.00 
: 
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if added to soil. This problem would 
require separate study and was not 
within the scope of the present investi- 
gation. 


Summary 


The effect of dried sewage sludge on 
nitrification in soil has been studied in 
the following combinations, with and 
without added sludge : 


1. Soil, for control. 

2, Soil with ammonium sulfate. 
Soil with cottonseed meal. 
Soil with dried blood. 
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Results indicated that the combina 
tions with added sludge gave nitrate 
values as high as, and usually greater 
than, obtained from analogous 
combinations without added sludge. 

The data obtained from this investi 
gation indicate that the use of dried 
sewage sludge as a fertilizer will not 
deplete the nitrate content of soil, but 
may even add some nitrate to the soil. 

The sludge employed in this investi- 
gation contained no industrial wastes. 
The desirability of using sludge con- 
taining such wastes would require sepa- 


those 


rate study. 
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EFFECT OF BACTERIAL FLORA ON 
DEOXYGENATION 


By WILLIAM 


jawtatant Ke 
rperivment Station, Tevas A. & M 


The test for biochemical oxygen de- 


mand (B.O.D is the most common 
and probably the most important labo 


ratory test in sanitary analyses to de 
termine the strength of sewage or a 
highly polluted effluent. The quantity 
of oxygen required for the complete 
stabilization of a sewage may be taken 
measure ol 


“as a its content of organic 


matter. The value, generally reported 
as the B.O.D., is the amount of oxygen 
in parts per million) absorbed in a 
specific number of days, usually five 
It is well recognized that this 5-day 
B.O.D. is 


organic matter present, but also upon 


dependent not only upon the 


the complex microbiological system ex 
It has 
shown, for example, that the protozoa 


isting in the been 


sewape 
in a sewage dilution increase as oxida 
tion proceeds, decreasing the number of 
bacteria available for the oxidation of 
the sewage (] This leads to a B.O.D 
lower than expected when a substrate 
of known This 


variable biota undoubtedly is responsi 


composition is used 
ble also for the divergent results which 
have been obtained when given samples 
of sewage were analyzed in different 
laboratories 
different 


in determining the 


and when sewages from 
sources were used as inocula 
B.O.D. of 
standard solutions as glucose and pep 


tone (2 


Zehnptennig and Nichols (3) 


discussed this effect of a varying biota 


such 


have 


extensively in describing their studies 
on the oxidation of substrates by us 
ing protozoa-free bacterial cultures as 
inocula, In their initial studies they 


used single species of bacteria as 


inocula, but found this an impractical 
procedure, In their later studies they 


L. Tipweun 


earch Bacteriologist and Research Engineer, 


College System, 


AND J. HL. 


SORRELS 


reape ctively, Texas Engineering 
College Station, Tex. 


filtered sewage to remove protozoa and 
incubated this filtrate in 
sewage, obtaining a bacterial inoculum 
which gave better reproducibility than 
did the standard 5-day B.O.D. test 

An independent investigation in the 
Texas Experiment Sta- 


tion’s laboratory using single species 


autoclaved 


Engineering 


inocula confirmed the 
conclusions of Zehnpfennig and Nichols 
as to the impracticality of this pro- 
cedure. 


of bacteria as 


The cultures used in these ex 
periments were Escherichia coli, Pseu- 
Bacillus 
Serratia marcescens, Proteus vulgaris, 
Alcaligenes fecalis, Alcaligenes metal- 
caligenes, Achromobacter liquefaciens, 
Achromobacter 


domonas aeruginosa, cereus, 


recti, and Achromo- 
These 
inoculated into a synthetic sewage (4) 
and the 5-day B.O.D. of each was de 
termined With some of the cultures, 
B.O.D.’s were 
gave no B.O.D. With those organisms 
able to oxidize the however, 
the B.O.D.’s widely 
with the numbers of organisms used in 
the inocula. 
in Figure 1. 

The herein 
were conducted to compare the repro 
ducibility of the special 2-day B.O.D. 
test of Zehnpfennig and Nichols with 
the standard 2-day and 5-day B.O.D 
tests and to see what changes took place 


hacter booker cultures were 


obtained, while others 
sewave, 
obtained varied 
A typical result is given 


experiments deseribed 


in the microbial flora of the sewage as 
a result of filtration and incubation. 


Reproducibility 
Since the special 2-day B.O.D. test 
had shown greater reproducibility than 
the standard 5-day B.O.D. test with 
settled sewage, this test was designed 
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to compare its reproducibility with 
both the standard 2-day and 5-day 
B.0.D. tests using raw sewage within 
days. On 10 different days, 
samples of raw sewage were collected 
at the sewage treatment plant of the 
A. and M. College of Texas. 
samples were allowed to settle over- 
C. before the supernatants 
were siphoned off. With aliquots of 
these supernatants, triplicate standard 
2-day and 5-day B.O.D. tests were set 
up. Two 100-ml. aliquots of each sam- 
ple were placed in 250-ml, flasks and 
When these had cooled, 
the raw was 
filtered through a fine-pore, sintered- 
ylass filter and 1 mil. of the filtrate was 

the sterile 


used to 


given 


These 


night at 5 


autoclaved. 


an aliquot of sewage 


inoculate one of 


9 


BACTERIA AND DEOXYGENATION 


LOG NO OF BACTERIA PER MILLILITER 


167 


100-ml. portions. This was then in- 
cubated for 24 hr. at 20° C. Following 
incubation, triplicate special 2-day 
B.O.D. tests were set up, using the 
sterile sewages as the substrates and 1 
ml. of the filtered and incubated sew- 
ages as the inocula. Sterile B.O.D 
bottles and sterile dilution water were 
also used. The results are shown in 
Table I. 

The means of the per cent deviations 
obtained show a satisfactory repro- 
ducibility for all three procedures (2.2 


to 5.7 per cent). The special 2-day 
test, however, shows the highest re 
producibility while the standard 5-day 
Examination of 
individual tests, moreover, shows that 
on no single day 


test shows the lowest 


was the deviation 


200 


IN ppm 


BOD 


40 


5 


DAYS 


FIGURE 1.—Variation of B.O.D. with Pseudomonas aeruginosa 
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TABLE I.—-Comparison of Reproducibility of 
Special 2-Day with Regular 2-Day and 
5-Day B.O.D. Tests 


Standard Standard 


Special 2-Day 2-Day 5-Day 
Sai ple 

BO.D Dev | 5.0.D De BOD De 
151 | 2.0] 195 | 5.1) 255 | 3.9 
2 563 1] 544 6.4 760 70 
3 510 14 | 203 1.7 145 1.6 
1 192 1.2 197 2.0 325 5.8 
5 122 0.8 164 5.0 258 $.1 
6 117 0.0 193 1.6) 345 1.5 


7 103 | 2.9 | 225 2.2) 253 6.7 
100 | 5.0 127 1.6 | 204 3.9 
192 | 1.0 | 238 263 | 18.8 
10 104 3.9 ag 10.1 


Mean 195 | 2.2 228 
Average of three determinations 


more than 5 per cent with the special 
test, whereas the standard 2-day test 
and the standard 5-day test each have 
} days and 1 day when the deviations 
were than 5 cent 


more and 10° per 


respectively 


Changes in Microbial Flora 


In their conclusions, Zehnpfennig 


and Nichols suggested that the reason 


for greater reproducibility with the 
special 2-day test was the development 


of an inoculum containing a ‘‘pre 
ponderance of bacteria which will 
oxidize sewage’’ since ‘‘the bacteria 
present in greatest numbers in fresh 


those most 
Since they 
vave no experimental evidence to sup 


sewage are not necessarily 


active in its oxidation.”’ 


port these conclusions and since the 
authors had some experience’ with 
changing microbial flora, the following 
experiment was conducted to see if 


Zehnpfennig and Nichols’ conclusions 
were valid 

In brief, the experiment consisted of 
isolating pure cultures of bacteria from 
aliquots of raw sewage, before and 
after filtering and incubating the sew 
age, and making B.O.D. determinations 
using additional sterilized aliquots of 


the same sewage as the substrate with 
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the isolated bacteria as the inocula. 
The entire experiment was run four 
times. The complete procedure was as 
follows : 

Approximately 8 |. of raw sewage 
between 9 and 11 a.m. 
settle overnight at 
9° ©. The supernatant was drawn off, 
mixed, and divided into aliquots. Ap- 
proximately 40 portions of 100 ml. each 
were placed in Erlemeyer flasks and 
sterilized by autoclaving. A 1-ml. por 
dilutions and 
pour plates using nutrient agar as the 
plating medium. These plates were 
incubated for 48 hr. at 20° C. An ad- 
ditional through a 
fine-pore, sintered-glass filter and 1 ml. 
of the filtrate was inoculated into one 
of the 100-ml. portions which had been 
sterilized. This flask was then in 
cubated at 20° C. for 24 hr. From 
this flask, after incubation, 1 ml. 


were collected 


and allowed to 


tion was used to make 


portion was put 


was 
used to make dilutions and pour plates 
with nutrient agar. These plates were 
incubated for 48 hr. at 20° C 

Following the growth of the bacteria 
on the two sets of pour plates, 55 
colonies from each set were randomly 
marked and transferred to tubes of 
nutrient broth. The broth tubes were 
incubated for 24 hr. at 20° C. A plate 
of nutrient then streaked 
with each isolate to check its purity. 
These plates were incubated for 48 hr. 
at 20° C 
to be pure, a colony of each was se 
lected 
agar slant for subsequent use 

With a total of more than 400 isolates 
in the four repeats of this experiment, 
determining the B.O.D. given by each 
isolate was impossible. To lessen the 
number of determinations and to find 
out what types of organisms were pres 


agar 


was 


and, if the cultures appeared 


and transferred to a nutrient 


ent, the isolates were divided into what 


were termed ‘‘physiological groups.”’ 
This was done by determining for each 
isolate its colonial morphology, cell 
shape, Gram reaction, and motility, and 
its ability to reduce nitrates, to liquefy 


gelatin, and to ferment glucose, lactose, 
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and sucrose. All of these tests were 
carried out using standard bacterio- 
logical techniques with incubation at 
20° C. for 48 to 72 hr., depending on 
the test. A physiological group’ was 
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then defined as a group of isolates hav- 
ing similar morphology and physiologi- 
cal reactions to these tests. In some 
instances, these ‘‘groups’’ are synony 
mous with species; in others, to genera ; 


TABLE II.—Shift in Bacterial Population of Raw Sewage Following 
Filtration and Incubation 


Physiological Grouping (All Gram-Negative Rods) 


| 
Total Number of | 
Organiamea Isolated 


Average 
2-Da 
Fermentation | | Filtered BOD 
NOs: Red. | Gel. Liq Motility Raw | and 19-P.m.) 
Glucose | Lactose Sucrose gary | 
(a) Gaseous FeRMENTERS 
| | | 
p | + 2 25 
y 4 14 0 
+ 44 0 0 
+ + + 18 0 
+ + 2 0 
re + Gs) + 4 0 0 
+ 7 0 <10 
33) + 3 0 0 
4 + 5 <10 
Total 11 20 
(b) FramMenTers 
+ + + + + 3 0 | 68 
} + 4 0 <10 
2 0 10 
+ + + 2 0 85 
} + 3 0 
+ - + l 0 
+ + 3 0 <10 
4 0 $ O65 
Total 21 5 
(c) Non-FeERMENTERS 
4 + 7 4 116 
- 2 0 70 
- 0 2 35 
- 4 15 57 
46 155 0 
2 0 | 2 Ho 
Total 48 178 
Grand Total | 1880 208 


' Yellow pigmentation 
* Pleomorphic. 
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TABLE III.—-Summary of Findings of Study of Changes in Microbial Flora 


Kinds of Bacteria 


(; +, sporeforming rod 

G rod, gaseous fermenter 

(;— rod, non-gaseous fermenter 

G rod, non-fermenter 

rod, pleomorphic, non-fermenter 
‘Total 


lotal showing sig. B.O.D 


> showing sig. B.O.D 


and in others, to broad groups such as 
To identified all 
lates would have been exceedingly time 


coliforms have iSO 
and material consuming, with little ad 
ditional information gained 

of the 


groups, one culture was randomly se 


Krom each physiological 


lected to determine its ability to oxi 


dize sewage. The culture was inoculated 


into one of the 100-ml. aliquots of 
sterilized sewage and incubated for 24 
hr. at 20° ©. A second portion of the 


sterilized sewage was then used as the 
and 1] of the 
culture as the inoculum in determining 
the culture’s ability to give a B.O.D 
The B.O.D 
used were sterilized and determinations 
days at 20° C 


substrate mil sewage 


bottles and dilution water 


were run after 2 


Results and Discussion 


Partial results are given in Table I] 
Those physiological groups isolated only 
time during the four 


omitted 


one runs were 
They represent only a small 
the total and 
could have little significance in the ob 
of reproducibility 
Table ILL gives a summary of all iso 


percentage of isolates 


taining improved 
lates and physiological groups 


From the results, it is obvious that 
‘‘the preparation of an inoculum of 
filtered sewage in autoclaved sewage’’ 
does not insure ‘‘the preponderance of 
bacteria which will oxidize sewage.’’ 


The 


oxidizing 


number of bacteria capable of 


sewage was approximately 


Total No. Isolates Total No. Phys. Groups 


Ra Filt Ra Filt 
2 2 0 
124 22 17 7 
15 6 
177 5 
2 0 
210 210 
19 18 7 
9.0 8.6 17.9 42.1 
the same before and after the process- 


ing. 
However, the 
ave did have a 


processing of the sew 
effect the 
numbers and kinds of bacteria present 


marked on 
The average bacterial counts on the 
raw and processed sewages were 3.5 
10° $9.5 


liter, respectively. 


10° bacteria per milli 
The number of dif 


and 


ferent kinds of bacteria in the processed 


sewage was about one-half the 


only 


number found in the raw sewage 
There was a decrease of more than 80 
per cent in the numbers of gaseous 
fermenters and an increase of about 
270 per cent in the numbers of non 
fermenters following filtration and in 
cubation. This increase is probably 


the anomalous finding of this 


study, because it is almost entirely a 


most 


reflection of the increase of one physio 
logical group. This group gave a nega 
tive result to all of the physiological 
tests and gave no B.O.D., yet was able 


to multiply tremendously in the sterile 
sewage, as is shown by the fact that 


only 16 per cent of the isolates from 
the raw sewage belonged to this group, 
while 74 per cent of those from the 


processed sewage fell within it 

While anomalous, the foregoing re 
sult was not entirely unexpected, be 
cause the special 2-day B.O.D 
most consistently gave a lower reading 
than the standard 2-day B.O.D. test 
Table I) even though the processed 
sewage had a far greater number of 
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bacteria per milliliter. This serves to 
illustrate that the B.O.D. obtained from 
a given sewage varies not only with 
the amount of organic matter present, 
but also with the number of organisms 
capable of oxidizing that sewage, and 
not with the total number of organisms 
present. 

In spite of the scope of these experi 
ments, no explicit explanation can be 
given for the improved reproducibility 
of the 2-day B.O.D. test of Zehnpfennig 
and Nichols. It may be due to the 
action of the non-fermenting, non- 
oxidizing group last discussed when in 
a more complex environment. Other 
laboratory tests, not reported herein, 
to demonstrate synergism with this 
organism, were unsuccessful. These 
studies do not preclude the possibility 
that synergism occurs, however, in the 
B.O.D. bottle. The improved repro- 
ducibility may be due to the marked 
decrease in the varieties of bacteria 
present in the filtered and incubated 
inoculum. It also may be entirely a 
result of the removal of the bacterial- 
ingesting protozoa It seems most 
likely, however, that all three changes 
are involved, 


Summary and Conclusions 


1. B.O.D. inoculation studies, using 
pure cultures and sterile synthetic sew 
age, were conducted under sterile con 
ditions. Some organisms gave B.O.D.’s 
while others gave no B.O.D. With the 
sewage oxidizers, the B.O.D. varied 
with the numbers used in the inocula 
(Figure 1) 

2. The special 2-day B.O.D. pro 
cedure of Zehnpfennig and Nichols was 
compared, as to reproducibility, with 


the standard 2-day and 5-day B.O.D. 
tests. The special 2-day procedure 
showed a mean deviation of 2.2 per 
cent as compared to 4.3 and 5.7 per 
cent for the other two tests, respec 
tively. 

3. The changes in the microbial flora 
occurring during the preparation of 
the inoculum for the special 2-day 
B.O.D. test were studied. No explicit 
explanation could be given for the im 
proved reproducibility of the special 
2-day B.O.D. test. The study did il 
lustrate, however, that the B.O.D. of 
a given sewage varies not only with the 
amount of organic matter, but also 
with the number of organisms capable 
of oxidizing that sewage, and not with 
the total number of organisms present 
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HOUSEFLY BREEDING IN SEWAGE SLUDGE 


By Harotp W. 


Senior Assistant Sanitary Engineer, Communicable Disease Center, 


UV. 8. Public Health 


\lmost everyone is as aware of the 
disease vectoring capabilities of the 
common housefly, Musca domestica, as 
of the disease potential of sewage 
sludge. The desirability of preventing 
the two from coming into intimate 
contact is obvious. Yet, despite the 
best efforts of sewage treatment plant 
operators, this situation does sometimes 
oceur, Occasionally, in the case of 
heavy housefly infestations of sludge 
drying beds, a report will appear in 
the literature (1). 

Many infestations are not reported 
The author witnessed two examples in 
the summer of 1951 at two sewage 
treatment plants located in the south 
eastern United States. In one case 
the infestation was staggering; a layer 
of maggots 5 to 6 in. deep was exposed 
everywhere that the sludge bed was 
opened for examination. The sludge 
in both instances was raw. 

ily infestation of sludge drying beds 
seems to accompany operating diffi 
culties of some kind. Perhaps the 
plant’s digester is overloaded, or ac 
cidents or construction activities re 
quire the placing of raw or partially 
digested sludge on drying beds. 

The impression one receives from 
the information available is that the 
housefly will readily breed in raw or 
partially digested sludge, but will not 
breed in well digested sludge (1)(2) 

A study was conducted in the latter 
half of 1953 to learn more about the 
relation between housefly breeding and 
sewage sludge digestion. The work was 
conducted by members of the USPHS 
Communicable Disease Center, in the 
city of Thomasville, Ga., with the full 
cooperation of the city’s sewage treat 
ment plant staff 


Service, Savannah, Ga. 


Two large industries, a packing plant 
and a cannery, contributed a sub 
stantial load to Thomasville’s treat 
ment plant. These industrial wastes 
were particularly noticeable in the 
sludge. The population served by 
sewers was about 14,000 persons, but 
the population equivalent of the sew 
age reaching the plant represented that 
of about 60,000 persons. Average daily 
dry weather flow at the plant was 2.6 
m.g.d. with a 5-day B.O.D. of 460 
p.p.m. <A brief flow description of the 
plant is: bar rack, grit chamber, bar 
screen, primary settling, roughing fil 
ter, secondary settling, standard-rate 
filter, final settling, and an outlet to 


the Ochlochnee River. Sludge is 
pumped to a heated (95° F.) digester. 
Method 


The three 4-1. aspirator-type bottle 
digesters discussed in this report were 
mounted in a 95° F. cabinet and op 
erated at detention periods (by dis 
placement) of 5, 15, and 40 days. 
(Other intermediate detention periods 
were also studied, but operational dif 
ficulties prevented the withdrawal of 
uniform sludges.) Sludge capacity in 
all bottles was maintained at 31. The 
bottles were tilted forward at an angle 
of about 30° to facilitate handling (see 
Figure 1). 

Determinations made on the sludge 
samples included pH, total solids, vola- 
tile solids, and a bio-assay. Assays of 
pH and solids were conducted accord 
ing to ‘‘Standard Methods’’ procedures 
(3). <A bio-assay test was developed 
for this study and was performed as 
follows: approximately 100 g. of sand 
was placed in a 1-pt. Mason jar, then 
50 ml. of sludge sample were carefully 
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added; 20 housefly eggs were imposed 
on the surface of the sludge; and the 
jar was covered with a cloth and placed 
in the insectary. After the larvae had 
pupated, the puparia were counted and 
classified by observed size—small, me- 
dium, or large. The large size was 
considered to be on a par with the size 
of puparia normally reared from arti- 
ficial rearing media (NAIDM, malt, 
yeast mixture). It was expected that 
if the larval environment was well 
suited to the maggot, a maximum num 
ber of normal pupae would develop. 
Similarly, if the environment was poor, 
fewer and smaller pupae would de- 
velop. Preliminary laboratory studies 
on 50-ml. quantities of raw sludge in- 
dicated that if 10 or 20 eggs were 
seeded, the pupae that developed would 
be large. If 30, 40, or 50 eggs were 
seeded, the resultant larvae would be 
undersized and would take an _ in- 
creasingly longer time to reach the 
pupal stage. There was no significant 
difference in the total numbers reach 
ing the pupal stage. 

An attractivity observation was per- 
formed as follows: Samples of raw, 
5-day, 15-day, and 40-day digested 
sludge were placed upon sand (same 
quantities as used in the bio-assay) in 
shallow, open jars and placed in a cage 
of flies. Observations were made on 
the numbers of flies on each sample 
over a two-day period, during which 


To gos metering device 


—liter sludge 
capocity 


off orifice 
Rubber tubing with pinch clamp 


FIGURE 1.—Method of using 4-liter bottle 
for digestion of sewage solids. 
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the cage and sample positions were 
shifted to eliminate any effects there 
from. 


Operation 


Raw primary sludge was added to all 
digesters twice daily (collected at the 
7:00 am and 1:00 pm pumpings). The 
first addition of sludge to all digesters 
consisted of well-digested sludge for 
seeding purposes. The amount of seed 
sludge was 300 ml. for the 5-day bottle, 
100 ml. for the 15-day bottle, and 37.5 
ml. for the 40-day bottle. 

On the fifth day of digester opera 
tion, the 5-day bottle had built up to 
its 3-1. capacity (600 ml. daily). Hence, 
on the morning of the sixth day (and 
daily thereafter) 600 ml. were with 
drawn, then 300 ml. of raw sludge were 
added, and in the afternoon another 
300 ml. of raw sludge were added. This 
same operational procedure applied to 
all three bottles, except for varying 
quantities. 

Sludge was collected by the plant op 
erator in a l-gal. glass container. The 
contents were mixed thoroughly and 
passed through %4-in. hardware cloth 
to remove large particles which might 
otherwise clog the outlet orifices of the 
small digestion tanks. After sieving, 
the sludge was again thoroughly mixed 
and then was portioned out to the 
digesters and sample jars. Samples of 
sludge withdrawn from the digesters 
were also placed in jars and all samples 
were taken to the insectary for the de 
terminations. The digesters were op 
erated continuously 7 days a week, but 
determinations were run only on the 
samples collected between Monday and 
Friday. 


Results and Discussion 


Although sampling commenced with 
the beginning of the study, the early 
data are not presented in Tables I and 
II because of erratic digester perform 
ance during the first months of opera 
tion, resulting in atypical sludge. For 
example, the first sludge withdrawn 
from the 5-day bottle digester was simi 
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TABLE I.—Digester Loadings and Summary of pH and Solids for Raw Sewage Sludge and 
Sludge Digested for 5-, 15-, and 40-Day Periods! in 4-Liter Bottle Digesters at 95° F. 


pH? Total Solids? 
Sludge 
lean Numbe ‘ 

Sample 
kK iw 5 6 37 5 5 77 
Digested 5 days! 5.2 1) 8.9 i] 

Digested 15 days' 7.2 19 6.58 5 
Digested 40 days! 7.8 12 1.9 2 


‘Time of digestion based on displacement 


Gas Pro 


Vol. Solids? Digester Loading 


duction 

ar Vol, So Tot. Sol eu. ft 

‘ b./e lt lb. vol 
ft./day ft./day) |sol. added) 

72 61 

68 3 0.494 0.686 0.86 

64 30 0.167 0.229 5.89 

52 20 0.062 0.085 9.92 


* From period between 115th and 142nd days of operation. 
‘Samples taken between 91st and 156th days of operation, except for period between 133rd 
and 141st days, when no volatile solids determinations were made. 


* Aver age 


lar in physical characteristics to well 
digested sludge because of the initial 
seed. On sueceeding days the sludge 
became grayer, stickier, and more odor 
ous until about the 25th day, after 
which it remained constant. The sludge 
drawn from the 5-day digester during 
the first 25 days was, therefore, ex 
cluded from test results. 

The change in the 15-day bottle 
digester occurred about the 70th day, 
although it was not nearly as marked 
as in the 5-day digester. Sludge from 
the 5-day digester was typically that 


of the acid phase of decomposition, 
while in the 15-day digester enough 
alkaline activity was occurring to main- 
tain the pIl at 7.2. 
curred in the 40-day digester 

The results of the bio-assay testing 


No change oe- 


(Table IL) include only those samples 
which were statistically comparable. 
To minimize the effects of any bio 
logical variation in the housefly popu- 
lation, each run was seeded with eggs 
from the same batch, at the same time, 
and held under similar insectary con 
ditions. 


TABLE Il. Summary of Bio-Assay and Attractivity Studies Performed on Raw Sewage Sludge 
and Sludge Digested for 5-, 15-, and 40-Day Periods, in 4-Liter Bottle Digesters at 95° F., 
Utilizing M. domestica 


Sludge | 


Fly Egas Pupae 


Total No Per 


linposed Developed | De. 


Raw 100 202 
Digested 5 days 100 258 
Digested 15 days 100 238 
Digested 40 days 100 240 


' Includes only those samples which were seeded together after the 90th day 


Bio-Assa | 
| Attractivity* 
| 
Pupae Size 
Pupae 
yped | First Second 
Large Mediun mall Day Day 
0.5 95 5 0 1.42 16.79 
64.5 63 4 3 7.60 11.58 
59.5 BY 12 4 145 | 8.53 
60.0 14 19 67 160 | 2.84 


The means on 


the raw and on the 40-day sludge were not different from their respective means of all raw and all 
10-day samples taken during this period. (Rawn = 99; X = 10.80; ¢ = 0.52: 40-day n = 47: 


\ 13.61; ¢ = 1.04) 
220 « imple s of 20 eggs each 


’ Based on the following numbers of pupae: Raw 728, 5-day 307, 15-day 287, and 40-day 27 


974 


* Values represent the mean number of flies noted on the different types of sludge at any 


particular moment 
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The apparently greater number of 
flies reaching the pupal stage in the 
40-day sludge as compared to the raw 
sludge is not statistically significant. 
Whereas there is little variation in the 
numbers of pupae, there is large varia- 
tion in their size. Of the pupae from 
raw sludge, 95 per cent were large, 
none small; 14 per cent of the pupae 
from the 40-day sludge were large and 
67 per cent were small. 

The results of the attractivity ob- 
servation (also presented in Table IL) 
represent the means of each day's ob- 
servations on each sludge sample (20 
observations the first day, 19 the sec- 
ond). The highly odorous 5-day sludge 
had the highest mean the first day, 
whereas the raw sludge had the highest 
mean the second day. If the fly factor 
(4) were involved, the second day’s 
results for the 5-day sludge would have 
been considerably the 
others.* 

During the first day, the observed 
mean number of flies noted on the 5- 
day digested sludge was considerably 
higher than that for the other three 
samples. In view of the second day's 
results, this is rather unusual. It is 
believed that this is due primarily to 
the low moisture content of the 5-day 
sludge Table I). According to 
Von Zuben et al. (1), ‘*Partially di- 
gested sludge in drying beds or lagoons 
will attract houseflies, and egg deposi- 
tion will occur as soon as the sludge 
dries to the extent that flies can rest 
upon it, usually within 12 hr.’’ The 
5-day sludge in this study was uni- 
formly thick (it had to be scraped out 
of the bottle) and did not have to dry, 
as did the other three samples, before 
flies could rest upon it. 


higher than 


(see 


A secondary 
factor which may have contributed to 
these results was the 
the 5-day sludge. 


intense odor of 


“The fly factor is a phenomenon asso 
ciated with attractivity. The housefly ap 
pare ntly produce s or bears a substance at 


tractive to other houseflies bait 


upon it 
than similar bait 
not so visited, other things being equal (4). 


Henee, a 
which had had many flies recently 
would be 


more attractive 
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The results of the second day’s ob- 
servations on attractivity indicate that 
the housefly’s attraction to sludge de- 
creases as the detention period (or de- 
gree of digestion) 
creases. 

According to Tables I and II, there 
is no relation between the results of 
the bio-assay and the pH and _ total 
solids. There is a relation between 
pupal size and volatile solids; the higher 
the volatile solids content, the greater 
the percentage of pupae that are large. 

Laboratory studies with artificial 
housefly rearing media performed in 
the insectary at Thomasville demon 
strated a rather wide ‘‘optimum’’ 
moisture content based on numbers of 
flies, ranging at least between 60 and 
75 per cent. As ‘‘sludge cake,’’ the 
name commonly applied to sludge when 
it can be forked from drying beds, has 
a moisture content of 60 to 70 per cent 
(5), it is doubtful if moisture is a 
limiting factor in housefly production 
from drying beds. 


of the sludge in- 


Summary and Conclusions 


Sewage sludge 


from the city of 
Thomasville, Ga 


, was digested in small 
bottle digesters for periods of 5, 15, 
and 40 days (displacement basis). Bio- 
assays with housefly larvae on these 
sludges and on 
the following: 


raw sludge revealed 


1. Houseflies will breed in 40-day 
digested sewage sludge under labora 
tory conditions. That they will breed 
in well-digested sludge on drying beds 
under field conditions was witnessed 
during a time of extreme housefly popu 
lation pressure, 

2. The pH, total 
solids, and moisture 


solids, volatile 
content (within 
the usual range of sewage treatment 
plant operation) have no significant 
effect on the numbers of housefly pupae 
produced, A relation appears to exist 
between the percentage of volatile solids 
and pupal size; the higher the volatile 
solids content of the sludge, the greater 
the percentage of pupae that are large. 
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4. The amount of nutrient available 
in Sludge to housefly larvae is appar- 
ently reduced by the digestion process 
as indicated by pupal size. 
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CONFERENCE ON BIOLOGICAL WASTE TREATMENT 


A three-day Conference on Biological Waste Treatment has been announced 
for April 13-15, 1955, by Manhattan College, New York City. The conference is 
for the presentation of authoritative papers containing information on the prin- 
ciples of biological treatment processes and their application to the design of 


waste treatment facilities. 


Additional information concerning the conference may be obtained from 
Professor W. W. Eckenfelder, Civil Engineering Department, Manhattan Col 


lege, New York (i? N. Y. 
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Howard and Pershe (1) 
demonstrated that the addition 
of lime in amounts equivalent to as 
high as 200 per cent of the volatile 
acids is beneficial to a ‘‘pickled di- 
gester.’’ 

Another study, one to ascertain the 
effectiveness of liming in starting di- 
gestion without seed sludge, was car- 
ried on in the laboratory at the Iowa 
City sewage treatment plant in the 
summer of 1953. 

Each of four 8-l. aspirator bottles 
was provided with a raw sludge feed 
line, a sludge withdrawal line, a gas 
production line, and a gas recirculation 
line, and all were operated at 35° C. 
This setup is similar to that used in 
some of the earlier lowa City studies 
(2). 

The study was begun by filling each 
of the four digesters with 5,400 ml. 
of effluent and 150 ml. of raw sludge 
from the primary clarifiers. For the 
first 38 days, the sludge addition to 
each digester was 150 ml. per day. 
Immediately after each feeding, 1 1. 
of the gas previously produced in each 
digester was diffused through the con- 
tents by means of a porous diffuser 
located near the bottom center of each 
unit. To digesters No. 1 and No. 2, a 
sufficient quantity of lime was added 
daily with the raw sludge to maintain 
the pH of the digester contents above 
6.5 at all times. This was continued 


for 30 days until the pH remained 
above 6.5 without lime addition. No 
lime was added to digesters No. 3 and 
No. 4. 

The volume of the contents in each 
digester was maintained between 5,400 
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and 6,000 ml. at all times by with- 
drawing sludge from each of the di- 
gesters twice each week during the 
first 38 days, and more frequently 
thereafter as the feeding was increased, 

Immediately before the sludge was 
withdrawn the contents of the digesters 
were manually mixed so that the sam- 
ple collected was representative of the 
entire contents. Solids determinations 
were made on these samples and on 
all raw sludge samples. Volatile acids 
determinations were made on the con 
tents at frequent intervals. The quan 
tity of gas production and the pH of 
the digester contents were determined 
daily before raw sludge was added. 
The results of the pH determination 
were used as a guide for determining 
the lime dosage for digesters No. 1 and 
No. 2. 

At the end of 38 days the volatile 
acids in digesters No. 1 and No. 2 had 
decreased from 1,800 to 800 p.p.m., the 
gas production had increased from 0 
to about 10 eu. ft. per pound of vola- 
tile solids added, and the pH had 
stabilized at approximately 7.0. This 
was taken as an indication that normal 
digestion was commencing, so the load 
ing of these digesters was gradually 
increased to 600 ml. per day (Figure 
1). At the end of 50 days digestion 
was normal, as indicated by volatile 
acid concentration, pH, and gas pro- 
duction, at the design loading of about 
0.25 lb. of volatile solids per cubic foot 
per day. It continued normal to the 
57th day, at which time these units 
were taken out of operation. 

Although the loading to all four 
digesters up to the 38th day was identi- 
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FIGURE 1.—Daily gas production and loading. 


cal, the gas production on the 38th 
day in digesters No. 1 and No. 2 (with 
lime exceeded that of the others by 
Figure 1 
towards normal digestion in digesters 
No. 3 and No. 4 was slower, but at the 


three times The progress 


end of 75 days they too were digesting 
normally 

The total of 40 ¢. of lime added to 
both digester No. 1 and digester No. 2 
at a rate of not more than 2 g. per 


day is equivalent to an average rate of 


addition of about 14 lb. of lime per 
1,000 cu. ft. of digester capacity per 
day. The cost of this would not be 
prohibitive, but the decision as_ to 
whether lime is to be used should rest 
upon the urgency of the need for full 
digestion capacity, and for gas for 
Normal 
digestion in all the experimental di 
gesters was obtained with the acceler 


heating or power generation. 


ated sludge digestion process within a 
period of 11 weeks, although the addi- 


TABLE I.-—Average Results of Digester Liming Experiments 
pH Gas Prod ft. /Ib. vol. added Vol. Acids (p.p.m 
0-Da 
Period 
Dig Dig Th ) Dig Dig Dig Dig Dig 
6.05 6.70 6.00 6.05 0.25 0.24 O.37 0.45 1,140 | 1,120 | 1,050 | 1,150 
2 6.60 6.60 | 5.80 | 5.60 2.21 2.14 2.26 | 2.10 | 1,550 | 1,590 | 1,520 | 1,750 
} 6.70 > 6.70) 6.10 | 6.00 6.06 6.17 2.88 2.26 | 1,460 | 1,420 | 1,650 | 1,870 
j 6.85 | 6.85 | 6.20 | 6.20 | 10.5 9.79 3.27 | 3.13 | 1,040 | 1,100 | 1,650 | 2,000 
6.40 6.30 7.19 7.23 7.20 5.27 410 160 | 1.840 | 1,980 
6 6.5 6.05 6.80 | 6.55 7.20'| 7.36 11.87 9.36 440! $20! | 1,050 | 1,890 
7 6.85 | 6.80 6.19 | 7.21 930 870 
7.00 6.90? 8.00?| 7.28? 500? 510? 


‘7-day average 
t-day average 


: 

| 

- 
“yy 

et 
| 
vol 

ee 


Vol 27, No. 2 


tion of lime accelerated the onset of 
digestion in digesters No. 1 and 2 about 
3 weeks 

In this study, the effectiveness of 
the addition of lime was undoubtedly 
enhanced by the intimate mixing ob- 
tained by the gasification of the raw 
sludge, lime, and the digesting sludge. 
Such results might not be obtained 
without it. 

Although both studies show that 
lime can be beneficial in the control of 
the digestion process, one difference in 
the results reported in the two should 
be noted. In the Lowa City studies, the 
volatile acids were relatively high in 
the beginning (Table 1), but were con- 
siderably lower than those reported by 
Sawyer et al. (1). Probably this can 
be explained by the facet that the di- 
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gesters were gradually filled with 
sludge in the presence of primary efflu- 
ent, which provided dilution for the 
end products of digestion, rather than 
being ‘‘ bulk loaded.’’ 
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PERUVIAN FACILITIES FOR SANITARY ENGINEERING 
BEING STRENGTHENED 


The University of North Carolina re- 
cently entered into a three-year con- 
tract with the Institute of Inter-Ameri- 
can Affairs of the United States 
Foreign Operations Administration for 
the purpose of strengthening the sani- 
tary engineering educational and _ re- 
search programs in the National School 
of Engineering of Peru. The contract, 
which calls for the expenditure of some 
$155,000, will be administered by the 
University’s School of Publie Health 
through its Department of Sanitary 
Engineering 

Three members of the staff of the 
Department of Sanitary Engineering 
will go to Peru for varying periods of 
time during the first year. Other fac- 
ulty of the School of Publie Health 
will participate later in the program. 


Among the purposes of the project 
is the integration of laboratory teach 
ing into the five-year sanitary engi 
neering under-graduate program of 
the National School of Engineering 
and the initiation and development of 
sanitary engineering research This 
will require the preparation of cur 
ricula, equipping of laboratories, and 
training of teachers and research work 
ers. The National School of Engineer 
ing has just completed the construe 
tion of modern quarters in Lima to 
house their Department of Sanitary 
Engineering. 

Faculty and engineers from Peru 
will also come to the United States 
under this project for special training 
so that they may return to Peru and 
continue with the developments initi- 
ated. 
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Industrial Wastes 


LAGOONS FOR TREATING METALWORKING WASTES 


By CuHarues R. Grirrira 


Waste Engineer, Dana Corporation, Fort Wayne Division, Fort Wayne, Ind. 


A number of articles on lagoons have 
been written, but the novelty of one in 
lay in the fact that in- 

particularly oil emul- 
sions, acid wastes, and alkaline wastes 
to such treatment 
The lagoons mentioned in that paper 
from 1946 to the Fall of 
1951, when construction of a new Dana 


particular (1 
dustrial wastes 


were amenable 


were used 
Corporation plant required relocating 
During 
its period of operation the original sys 


the waste treatment lagoons. 


tem performed most satisfactorily; 
therefore, after consideration of vari- 
ous methods, it was decided that a new 
lagoon system would be provided to 
handle the wastes of both the new Air 
craft Gear plant and the Salisbury 
Axle plant 

The Salisbury Axle plant was started 
1946 and manufactures differential 
for The Aircraft 
Gear plant started production of gears 
for aircraft 1952. Although both 
plants are operated as separate divi- 
sions of the Dana Corporation, they do 
share power and waste treatment fa- 
cilities 


in 
axles automobiles. 


Property and Plant Details 


Two separate buildings, totaling 
about 23 acres under roof, are located 
on a 95-acre plot on the northwest edge 
of Fort Wayne, Ind. The buildings are 
on the southern half of the property, 
whereas the northern acreage, which is 
about 30 ft than 
part, is used for the lagoon system and 
the Aircraft 
secause of the elevation of 


lower the southern 


a parking lot for Gear 


building 
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this land, it was subject to flooding by 
the Neuhaus Ditch, a small creek at the 
north edge of the property (Figure 1). 
Such flooding was not considered detri- 
mental to the lagoon system, and since 
fill was available to raise only the 
parking lot above flood stage, this low 
land was available for the use that was 
of it. The difference between 
the elevations of the plant and of the 
lagoons permits good use to be made 


made 


of gravity flow in handling wastes and 
in providing some aeration in the treat- 
ment. 


Sources of Wastes 


The two plants are similar in nature, 
both consisting primarily of a large 
number of operations requiring cutting 
and grinding of steel, and other proc- 
esses related to finishing and assembly. 
Table I lists the types of wastes to be 
handled, their sources, and the methods 
of disposal. 

Three separate sewer systems serve 
the two buildings and the powerhouse 
so that wastes may be segregated at the 
Segregation is made on the 
basis of the type of waste, with some 
consideration given to convenience and 
Such for con- 
venience and costs is limited to cases 
where cooling water may be piped to a 
process sewer rather than to the storm 
sewer, but under no circumstances is 
the reverse permitted ; that is, a process 
waste can never be put into a storm 


source, 


costs. compromising 


sewer. To maintain control over all 
changes in sewerage, a form is re- 


quired to be filled out ir 


complete de- 


( 
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i 
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FIGURE 1.—Plant lot layout, showing location of the three main sewers, the lagoons, 
and the receiving ditch. 


tail for changes or new connections. to 250 g.p.m. during the 16 months 
This form must then be approved by covered by this paper. At this flow, 
the Chief Chemist and the Plant Engi- the theoretical detention time is about 
neer before any work on the project three days for the first basin. During 
may begin. Figure 1 indicates the the actual detention time, which is 
flow of the various wastes through the known to be much less than the theo 


sewer systems. 


Treatment Process 


retical value first given, readily sepa- 
rating oils and solids rise, or sink, ae- 
cording to their specific gravity. At 


All process wastes from both plants the effluent end of this basin is a con- 
are collected by a system of lateral crete overflow structure. Wastes flow- 
sewers, which connect to a main line ing to the second basin must pass under 


discharging into the first basin. 


Flow a baffle that retains separated oil and 


to the first basin averaged about 200 other floating matter. At this point an 


TABLE I.—Sources and Disposition of Process Wastes 


Type 


Soaps and alkaline cleaners 
Acid cleaners 


Oils, mineral 


Oils, emulsified 
Solvents, emulsions 
Paint 

Boiler compound 
Other acid wastes 
Plating wastes 


Sanitary wastes 
Cooling water 
Storm water 


Source Disposal 
| Washing operations Process sewer 
Cleaning and surface treatment proc- | Process sewer 
esses 


| Equipment leaks, grinding, chip | Process sewer 
| drainage 


| Cutting, grinding, ete Process sewer 

| Cleaning operations Process sewer 

| Spray booths Process sewer 
Boiler and water treatment Process sewer 

| Coal pile drainage Process sewer 

Cyanide and chrome plating Process and sani- 

tary 


Plant restrooms and cafeteria 
| Plant processes 
| Buildings and grounds 


Sanitary sewer 
| Storm sewer 
| Storm sewer 
| 


> 


oa 


Vol. 27, No. 2 
——- 
if 
| 
| 
| 


182 SEWAGE AND INDUSTRIAL WASTES 


adjustable lotted pipe is used to skim 
the oil from the surface. Flow through 
the slotted pipe collects in a pit, where 
it is pumped to tank trucks for disposal 
by a private contractor. While the in 
fluent to the first basin showed an aver 
age oil content of 2,543 p.p.m., and sus- 
pended solids of 1,484 p.p.m., the ef 
fluent averaged 92.2 p.p.m. oil and 79.0 
p.p.m. suspended solids, or a reduction 
of 96.4 and 94.7 per cent, respectively 
.0.D. reduction amounted to 74.2 per 
cent 


Second Basin 


The second basin is similar in shape 
and size to the first, and performs the 
same functions; but the percentage 
reductions are much smaller. Oil con- 
tent drops another 1.8 per cent, sus- 
pended solids 2.0 per cent, and B.O.D 
9.5 per cent An identical overflow 
structure is available for skimming oil, 
but it has not been used to date and 
will not be needed unless, or until, the 
first basin loses its efficiency It is 
planned to clean these basins by clam- 
shell as required. Analytical results 
show that approximately 2 tons of dry 
solids are ce posited in the first basin 
each working day, while the second 
basin received less than 100 Ib. per day 
With such loadings, it is contemplated 
that the first basin may require clean 
ing about every 5 years, and the second 
basin not more than once every 25 


years 


Third Basin 


The third basin originally was 
planned as part of the final basin, but 
due to the need of treating the wastes 
of one plant while the second was being 
built and which required relocation of 
the waste treatment system, it was 
necessary temporarily to use what is 
now the third basin as a final basin 
When the relocation of the waste sys 
tem was complete, a siphon overflow 
was installed instead of removing the 
common dike between the basins. This 


decision has made possible better ana 
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lytical observations and permits addi- 
tional aeration of the waste. 

The third basin has an area of slightly 
less than 1 acre. Detention is caleu- 
lated to be about 96 hr. The waste ef- 
fluent from the second basin receives 
greater aeration than occurs between 
the first and second basins and this ad- 
ditional aeration, plus a larger exposed 
surface area (more than double the 
preceding basin, but only one-fourth 
the depth), tends to build up the oxy- 
gen content so that some aerobie action 
may take place. This is the chief dif- 
ference from the preceding basins, as 
they are devoid of oxygen. Oil content 
is lowered another 0.6 per cent, sus- 
pended solids 0.7 per cent, and B.O.D. 
6.9 per cent 


Fourth Basin 


Additional aeration takes place as the 
flow enters the fourth basin, which has 
approximately 11 acres of surface area. 
Theoretical detention time is 40 days. 
This basin is bisected by a dike to 
channel the flow from the fourth basin 
inlet to the outfall to the creek. The 
outfall structure, located at the north- 
east edge of the basin, discharges the 
effluent continuously over a concrete 
weir to a small creek at the north edge 
of the property. Considerable aera- 
tion or deaeration, depending upon the 
oxygen content of the effluent, takes 
place in dropping from the weir to the 
flow line of the creek. Provisions have 
been made in this structure to prevent 
floating algae, oil slick, or debris from 
discharging to the stream. Two 24-in. 
shear gates permit drainage or flushing 
of this basin, if required. 

The final effluent shows an average 
over-all reduction of 99.5 per cent for 
oil, 99.2 per cent for suspended solids, 
and 97.9 per cent for B.O.D., compared 
to the influent to the first basin. The 
receiving stream is so small that in dry 
weather the fourth basin effluent ac- 
counts for 80 per cent of the stream 
flow. This stream in turn joins a 
slightly larger stream in a city park 


. 
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about 0.5 mi. below the outfall. The 
larger stream also suffers from low 


dissolved oxygen content during pe- 
riods of low flow, sometimes dropping 
below 0.5 p.p.m. However, this same 
stream, after receiving the plant ef- 
fluent, is improved sufficiently to sup- 
port fish life by the increase in D.O. 
and additional flow. Normally the 
storm-water sewer discharges directly 
to the creek, but during the summer 
months this flow is diverted to the 
fourth basin through a structure at 
point A (Figure 1). This increases the 
flow over the effluent weir another 100 
to 200 g.p.m. to add additional flow to 
the stream. 

The sanitary sewer flows south to a 
city sewer and then to the Fort Wayne 
sewage treatment plant. 


Discussion 


At the time the new plant was de- 
signed, consideration was given to sev- 
eral methods of waste treatment and 
the final decision to continue with the 
lagoon system was based on the satis- 
factory performance during the pre- 
ceding few years. Where many pro- 
posed systems offered some particular 
advantage (such as speed of breaking 
oil emulsions, minimum space require- 
ments, ete.), none offered a complete 
treatment (that is, reduction of tur- 
bidity, oil, solids, and B.O.D.) and 
provided the proper alkalinity, pH, 
and dissolved oxygen content at a mini- 
mum cost. 

The confidence in the lagoon system, 
as displayed by the Plant Engineer, 
other plant officials, and the author, 
was instrumental in providing the fa- 
cilities now under diseussion. The de- 
use this method has been 
vindicated by the analytical data col- 
lected during its period of operation. 
These data show a most satisfactory 
effluent Original construction costs 
were less than other proposed methods 
and operating costs are so low that no 
other proposed method stands com- 
Also, the goodwill created by 


cision to 


parison. 
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the successful treatment of industrial 
wastes has been an asset to the com- 
pany in its community relations. 

The facilities are more than adequate 
for the present flows, but during the 
period covered neither of the two plants 
reached the maximum flows that could 
be expected in the future. From the 
effluent data of the various basins, the 
degree of purification that takes place 
within a certain time or area is now 
known. With this information, and 
with a known requirement of the de- 
gree of waste treatment demanded, it 
is, or would be, a simple matter to re- 
duce the lagoon area if space require- 
ments should critical. 
ever, since this land was subject to 
flooding, and since the elevation of this 
area was lowered further in digging 
the basins and the removed dirt was 
used for fill, it is questionable that the 
reclaimed area now would be of much 
use for other purposes, 

Silva and Papenfuss (2) place em 
phasis on the importance of design 
However, there seems to be some dif- 
ference in their viewpoint on construe- 
tion compared to design of the system 
under discussion. One particular item 
is the matter of shape and size of the 
basins. Their preference for large 
single units may be valid where there 
is no problem with floating matter 
Where oil is involved, efficiency and 
the safety factor is greatly improved 
by a series of basins which may retain 
any oil that normally is released in the 
secondary treatment. 


become 


The smaller ba- 
sins may not be quite as effective in 
aerating the wastes by wind or wave 
action. However, where small basins 
are used as primary settling tanks, the 
surface would be sealed by floating oil, 
and when the surface is so sealed the 
action would be anaerobic. This gen- 
erally is true of the first basin if it re- 
ceives a septic sewage. It would seem- 
ingly follow that odors would develop 
but such has not been the case in this 
system. Lack of odor may be due to 
the absence of large quantities of or- 


on 
| 
a 
q 


184 

ganic matter in the waste. B.O.D 
loading amounts to about 12 lb. per 
acre-foot per day It has been pro 


posed that the lagoons could success 
fully handle the 
loads from the restrooms and cafeteria, 
but there has been little need for such 
handled 
through discharge to the city sewers 


additional organic 


treatment as it is capably 
and thence to the municipal sewage 
treatment plant 

Another advantage of multiple basins 
in this particular system is the aera 
tion obtained between basins as purifi 
cation This is 
plished by successively dropping the 
effluent from one basin to the next, and 
the final basin has 


takes place accom 


is one reason why 
shown a minimum D.O. of 6.4 p.p.m 
on the new system, whereas the original 
showed a minimum D.O. of 
1.0 p.p.m. These low D.O. values re- 
sult from operation during the winter 


biological activity 


lagoons 


months when has 
slowed considerably 

By the use of four basins, it is now 
known just what degree of purification 
takes place within a certain length of 
time 

During the cold months, the B.O.D 
of the final effluent tends to rise slightly 
but not to the point where it becomes 
unsatisfactory. All too often lagoon 
ing has been eliminated from considera 
tion except in areas that are sunny and 
dry 
tion in 


Indiana has considerable varia 
temperature so, 
the satisfactory results of this installa 


weather and 
tion should be a stimulus for considera 
tion of lagoon treatment in other areas 
that are not sunny and dry. For even 
more positive proof, the suecessful use 
treatment in North Dakota 

3) should remove any skepticism that 
might exist. 

In a previous paper (1) the theory 
of purification 
detail. Basically stated, sedimentation, 
aided by a chemical floe formation in- 
herent in the waste, and biological ac 


of such 


was covered in some 


tivity, primarily by the algae, combine 
to break oil emulsions and to reduce 
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the B.O.D. Jar tests have shown that 
mere holding of the wastes for a suf- 
ficient length of time greatly reduces 
the turbidity, and the oil and sus- 
pended solids contents. What is a suf- 
ficient length of time? For the par 
ticular wastes involved, a period of 5 
to 8 days reduces oil, suspended solids, 


and B.O.D., and increases D.O. and 
turbidity. Additional time of deten 
tion improves B.O.D. reduction, but 


has little other beneficial effect 

The possibility of too long detention 
requires consideration. Since algae are 
of considerable importance in purifica 
tion of the waste, it is advisable to 
provide optimum conditions, not only 
for sufficient number and types, but for 
the maintenance of healthy growth. 
Thus, in any system, with the depletion 
of the sustaining nutrient healthy algae 
growth and development must cease 
In such cases, the dying algae then in 
‘rease the load and B.O.D. 
Where loadings may vary, it then be- 
comes necessary to provide some flexi- 
bility by increasing the 
loading, or providing recirculation or 
various influent points to better dis 
tribute the incoming flow 

In the system under discussion, ad 
vantage is taken of the 100- to 200 
g.p.m. flow of cooling water as a diluent 
and purging medium to lessen the de 
tention time. Through control valves, 
it is possible to take all or part of this 
flow into the middle of the fourth 
When this is done, the flow 
through the final half of this basin, 
where the nutrient may be low or in 
sufficient, is accelerated and discharges 
more rapidly to the effluent weir and 
thence to the stream. With less de- 
tention, the algae remain healthy. Un 
doubtedly during periods when the 
flow of only one of the plants may re- 
quire treatment, this diversion of ad- 
ditional flow may well be the only 
means of providing more nearly op- 
timum conditions. 

Plating wastes in the Salisbury Axle 
plant are of little volume or impor- 


organic 


limiting or 


basin. 
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tance, but the Aircraft Gear plant has 
a large plating room to process silver, 
copper, chrome, and tin plating, and a 
copper stripping process. To handle 
these wastes, equipment for treating 
with chlorine and sulfur dioxide, com- 
plete with provisions for chemical pre- 
cipitation and pH control, was installed. 
The treated plating wastes are then 
discharged to the sanitary sewer, al- 
though provisions have been made to 
permit disposal of such wastes to the 
lagoon system if and when it appears 
feasible to do so. However, the wastes 
are segregated in the plating room so 
that all non-toxic wastes (such as clean- 
ing solutions, acid, and rinse tanks 
ahead of the plating tanks) are piped 
to the process lines and thus are clari- 
fied in the lagoons. This reduces the 
volume to be treated and also the 
charges for the volume handled by the 
city. 

All plating tanks are set over pits 
capable of holding the combined volume 
of all such tanks to guard against toxic 
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concentrations reaching the sewer in 
ease of leakage or overflowing. Any 
drippage or leakage into these pits is 
then transferred to the plating treat- 
ment facilities before discharge to the 
sanitary sewer. 


Results of Tests 


Monthly samples are taken and ana 
lyzed by the chemical laboratory. The 
B.O.D. results are from samples ana- 
lyzed by the Fort Wayne sewage treat 
ment plant. The data (Table Il) were 
based on 10 monthly influent samples 
and 16 monthly effluent samples. It 
should be noted that the influent sam- 
ples are subject to error due to grab 
sampling, but the effluent samples are 
fairly representative due to compositing 
or dilution by the volume of water in 
each basin. Slugs of waste have been 
picked up in the influent, but lose their 
identity before reaching the third ba 
sin. 

The curves for the B.O.D., turbidity, 


TABLE II.—Results of Lagoon Treatment of Metalworking Wastes 


Sampling Point Toop ) 
Influent: 

Maximum 84 0.0 | 472 12 

Minimum 73 0.0 5 57 

Average 78 0.0 | 202 29 
First basin effi. : 

Maximum BS 0.0 | 102 16 

Minimum 68 0.0 7) 70 

Average 78 0.0 52 58 
Second basin effi. : 

Maximum 80 0.0 72 36 

Minimum 56 0.0 5 82 

Average 68 0.0 33 62 
Third basin effi. : 

Maximum 82 5.0 34 43 

Minimum 40 0.2 5 95 

Average 62 1.2 19.1 72 
Fourth basin effi. : 

Maximum 80 14.0 7.3 83 

Minimum 32 6.0 0.6 |} 99 

Average 54 10.5 42| 92 


Alk. (p.p.m.) Bolids (p.p.m.) 

| — oil 
Phenol- | Methyl| Suap- | | 

phthalein | Orange | ended | atile 
8.2 0 306 | 5,221 | 5,074 | 13,438 
6.8 0 204 208 116 218 
7.5 0 263 | 1,484| 1,367) 2,543 
8.0 0 344 127 97 195 
6.9 0 220 38 16 21 
7.3 0 267 79 61 92.2 
7.9 0 300 137 115 o4 
70 0 224 20 « 16 
75 0 273 51 37 45.1 
8.0 0 296 81 65 61 
6.1 0 228 4 3 12 
75 0 276 38 29 30.4 
8.8 | 32 280 25 15 22 
79 | | 224 1 0 5.9 
8.4 23 249 12 5 11.5 


1 By percentage of light transmission, measured by photelometer; distilled water = 100 per 


cent. 
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FIGURE 2.—Trends in turbidity, oil content, and B.O.D. of final effluent. 
and oil content of the final effluent Suspended solids are equally as er- 


erratic and 
follow no definite pattern, but are of 


l‘igure are somewhat 
interest as control charts and to show 
trends. The cause of some of the varia 
tion is known and a word of explana 
tion 18 In order 

It has been decided that the system 
should hold a 15-p.p.m. maximum oil 


Th Is 


content value is based on re 
sults recorded when but one plant was 
discharging to the old system The 


new system has done a most satisfac 
tory job in meeting this standard with 
the exception of three samples (July 
August, November 1953 It 


known that the July and August sam 


and is 
ples were erroneous due to an analytical 
the flask 
the solvent had evaporated. 


before all 
Such an 
a reflection on the system 


error in weighing 


error 18 not 


Ilowever, the November sample was 
higher due to a sloughing of algae; 
since it could recur in the future, it 
should be considered as a variable of 


the process 


ratie as the oil content, and the high 
readings generally are due to inorganic 
or to 
sloughing of algae at certain times of 
the year. The higher suspended solids 
cause no trouble since they occur dur 


solids following heavy rains, 


ing periods of stream runoff or higher 
flow 

B.0.D. reduction shows a slightly 
better efficiency during the sunny 
months, but the effluent has never been 
unsatisfactory in this respect, regard- 
less of the time of year. 

Turbidity and B.O.D. seem to have a 
direct relationship to each other, as the 
b.0.D. is lowest when the turbidity is 
lowest. This can be seen by comparing 
the turbidity curve (the greater the 
light transmission, the lower the tur- 
bidity) with the B.O.D. curve (Figure 
2 soth curves reach their peak dur- 
ing the summer months, which is most 
fortunate since this is the period dur 
ing which low stream flow demands the 


best effluent. It is not to be expected 


de 
ree 
i 
ha 
he 
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that the curves shown will duplicate 
in subsequent years, as the curves are 
determined to a great extent by the 
variants in weather, particularly rain- 
fall and sunshine. However, it is fairly 
certain that, despite such variation, the 
quality of the effluent will meet the 
requirements of the stream. 

By the use of statistical methods and 
the data presented from the limited 
test results (Table IL) the following 
the oil content of the fourth 
basin may be calculated. 


data on 


A = R 
o = 48 n 


16.5 
16.0 

The spread of the data has been 
exaggerated by the inclusion of the 
two erroneous samples previously de- 
scribed. Using these data for control 
purposes, it may be shown that, while 
in a normal distribution all samples 
should fall within 3e above Y, 80 per 
cent of the samples fell within le. If 
this ratio holds, or improves as ex- 
pected, the average will be reduced in 
future tests. When sufficient samples 
are run it will be possible to accurately 
set the upper control limit by statistical 
methods. 


Comparison of Results 


Comparison of the new and old sys 
tems (Table IIL) reveals that the sys- 
tem was successfully moved and en 
larged and resulted in an improved 
effluent. In comparing these data, the 
improvement over the 1950 values in 
D.O., saturation, and B.O.D 
is explained by the longer detention 
time and the better algae activity in 
the final Color improvement 
has been gained by virtue of the deeper 
basins (the old basin averaged about 
1 ft. in depth). The cause of the tur- 
bidity increase is not known. Since 


percent 


basin. 


higher dissolved oxygen brought better 
aerobie action, sulfide odor was prac- 
tically eliminated and pH rose accord- 
Total alkalinity increased due 
to additional usage of well water in the 
Suspended and volatile solids 


ingly. 


plant. 
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were less, due chiefly to the fact that 
the deeper basins showed less scouring 
of the bottom. At the outfall of the 
old lagoon, the surface of the water was 
covered with a blanket of duckweed, 
which occasionally broke loose to in- 
crease slightly the suspended solids in 
the effluent. However, this same duck- 
weed was an excellent filter and was 
responsible for the lower oil content in 
the old system effluent. It was planned 
to seed the new lagoon with this plant, 
but unfortunately the duckweed was 
lost during the period of construction. 
One other item that is responsible for 
the higher oil content in the new sys 
tem effluent is the analytical error that 
was made in weighing several oil sam- 
ples before the solvent had completely 
evaporated, More recently, since this 
error was discovered and corrected, six 
tests show an average oil content of 7.2 
p-p.m., which equals the results of the 
old system in this particular item 
Table LV shows how closely the ef.- 
fluent from the lagoon averages the 
composition of the water in the streams. 
This again is a natural function of the 
system and nothing has been done to 
effect such compatibility. The data 
for Spy Run Creek are for samples 
taken just above the point of confluence 
with the Neuhaus Ditch, which carries 
the lagoon effluent. Note the difference 
in D.O., which for Spy Run Creek has 


TABLE IIIl.--Average Results of Analytical 
Tests on Final Effluent of Old System 


(1950) and New System (1953-4) 
Item Old System | New System 
Temp. (° F.) 59 54 
D.O. (p.p.m.) 3.6 10.5 
% Sat | 352 | 99.5 
B.O.D. (p.p.m.) 
Color | Sl. yellow | Clear 
Turbidity (% trans.) 06.2 92.0 
Odor | Sl. sulfide | Sl. musty 
pH | 7.43 8.37 
Alk., phen. (p.p.m.) | 0 | 23 
Alk., m-oragne (p.p.m.)| 163 249 
Sus. solids (p.p.m.) 12 
Vol. solids (p.p.m.) 6 5 


Oil (p.p.m.) 7.1 11.5 


| 
2 
= 
: 
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TABLE IV.—Stream Data 


| Above | Below Spy 
| Outfall | Outfan | 
igh | 17 | 55 59 
D.0. (p.p.m.) | 9.2 | 10.7 3.0 
% Sat 75.9 | 98.5 | 30.0 
B.O.D. (p.p.m.) | 3.7 5.9 | 4.4 
Turbidity (% trans.) | 84 | 87 Oo 
pH | 7.98] 8.31] 7.84 
Alk phenol (p p.m.) 0 20 0 
Alk., m-orange | 
(p.p.m.) 242 230 207 
Susp. Solids (p.p.m.) 22 25 17 
Vol. Solids (p.p.m.) 6 9 
Chlorides (p.p.m.) 0.8 | 32.6 | 33.5 
been recorded as low as 0.5 p.p.m 
However, due to the high D.O. and 


added flow of the Neuhaus Ditch, the 
water in the combined streams main 
tains conditions suitable for fish life 
The B.O.D. of the below the 
outfall (5.9 p.p.m.) is 1.2 p.p.m. higher 
than for the stream above the outfall 
and is also 1.7 p.p.m. higher than the 
average for the lagoon effluent. This 
discrepancy may be due to errors in 
sampling, but it should be mentioned 
that several drains from septic tanks 


stream 


discharge to the stream between the 


two sampling points and are a con 
tributing factor in this diserepancy 
As lagoons regain a place in the 
treatment field, their application will 
become and the design 
critical. Cohn (4 
states: ‘‘The tendency to look with dis 
dain on lagooning as ‘primitive’ 


‘old 


astigmatism.’’ 


more varied 


problems more 
and 
fashioned’ stems from scientific 
Derogatory remarks in 
the past, where justified, have origi 
nated from poorly designed and poorly 
operated systems. This concept of la 
goons has eliminated many installations 
where land was available and the waste 
was suitable to lagooning. Also. la- 
many cases has 
considered merely as a temporary de 
tention of a waste until it could be 
disposed of by dilution, or percolation, 
with little consideration given to the 


gooning in too been 


biological or chemical changes that may 
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change completely the composition of 
the waste material. Lagooning, while 
definitely not suitable for all wastes, 
thus has been indiscriminately re- 
moved from consideration without 
justified or scientific basis. 

Lagoons do require considerably 
more area than other methods of treat 
ment and thus are completely out of 
the picture for industrial establish 
ments that have no available land. In 
some cases it has been practical to ob 
tain the necessary acreage—if not ad 
joining, at least within reasonable dis 
tance of the plant. The question arises 
as to the economical propriety of using 
land already available and intended for 
future production facilities for waste 
treatment lagoons, With proper design 
to hold the size of the lagoons to the 
minimum, it may prove a good invest 
ment. 

The dammed water offers a safety 
factor against slug contamination that 
no other system can supply, because 
dilution alone may reduce to safe limits 
the concentration of a dangerously 
toxic waste that may be accidentally 
discharged. Stream pollution control 
boards and state and local. Boards of 
Health are not too interested in merely 
the average results of a system. Even 
though the effluent may be satisfactory 
every day of the year but one, fish die 
but once, so that one incident can be 
Thus 
the criteria of waste treatment may be 
expressed as the poorest operation of a 
system, 


embarrassing to any company 


Due to the amount of water 
impounded, the lagoon can absorb. and 
has absorbed without any damage, ae- 
cidental loss of soluble oils and other 
which would have created a 
shock and potentially toxic load to the 
ereek had the dilution and detention 
not been available to 
spillage. In 


wastes 


neutralize the 
Indiana, the state has 
recently required additional facilities 
be provided at all plating installations 
which will eliminate the troubles caused 
by accidental drainage, breakage, or 


spillage of cyanide wastes. Experience 
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has shown that most serious cases of 
stream pollution from cyanide wastes 
have occurred from ‘‘slug’’ loads and 
not from regular rinses or regular 
processing. Elimination of human fail- 
ure is most difficult, so insurance against 
human failure becomes a_ necessity. 
Thus the emphasis on prevention of 
‘‘slug’’ contamination. What applies 
to cyanide wastes is equally valid in 
regards to other toxic wastes. Hence, 
the advantage of the lagoon in pre- 
venting stream damage. 

Any plant interested in the re-use 
of water can appreciate the lagoon as 
the source of a dependable supply and 
reservoir. In areas of strained water 
supply, a lagoon is also a valuable asset 
as a reserve in case of fire. In the sys- 
tem described facilities have been pro- 
vided, but are not presently used, to 
re-use the cooling waters now being 
discharged. So far it has not been 
necessary or financially expedient to 
so use this supply, but it is a dependa- 
ble reserve if and when additional vol- 
ume above the present need is required. 

Again, comparing the results of the 
new lagoon system with the original 
installation, it will be found that the 
present installation maintains the fea- 
tures of low initial and operating costs, 
high efficiency, and good flexibility. In 
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addition, one previously deseribed de- 
ficiency (low oxygen) of the original 
lagoon system has been corrected. That 
leaves only the matter of space require 
ment and insufficient knowledge of 
lagoons as demerits to such a system, 
and both are interdependent on each 
other. More data are available now 
and the size of a lagoon may be kept 
to a minimum to somewhat compensate 
for this objection. Likewise, as studies 
are made, such as those conducted by 
the University of California (2), and 
supplemented by others, especially in 
the northern and midwestern states, 
the remaining objections, if not cor 
rectable, may be defined to the point 
where more accurate decisions can be 
made as to the value and applicability 
of lagoons in any prescribed situation. 
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DISPOSAL OF WASTE PICKLE LIQUOR BY CON- 
TROLLED OXIDATION AND CONTINUOUS 
LIME TREATMENT * 


By Lorenz W. Hess 


ND Mitton JOHNSON 


Re spectively, Direetor Of Production Laboratory and Laboratory Si pervisor, 


A. O. Smith Corp., 


In recent years industry has become 
more and more aware of the require 
ments for a positive waste disposal 
program. Unique to the steel industry 
is the problem of waste pickle liquor 
disposal 

‘*Pickling’’ is the vernacular expres 
sion of the metal fabricating industry 
for the common method of removing 
mill seale or iron oxide from the sur 
face of steel The most universal 
method of pickling steel is through the 
use of a sulfuric acid solution. A re 
action takes place in the pickling bath 
as the dilute acid acts upon the iron 
and iron oxide, causing the release of 
hydrogen in such a foreeful manner 
that the seale loosens and is subse 
quently dissolved or readily rinsed 
from the surface of the steel 

After the pickling bath has been in 


use for a period of time, the solution 


becomes saturated with iron salts, mak 
ing it ineffective and requiring recharg 
ing of the bath. The disposal of this 
waste pickle liquor, containing a large 
percentage of iron salts and a small 
percentage of acid, is the essence of the 
problem 

Releasing the spent liquor into nearby 
streams, community sewer systems and 
lagooning areas can result in stream 
polution, damaged piping, disruption 
of control at sewage treatment plants, 
or affect the ground-water system 
These consequences are matters of seri 
ous concern to everyone and much eu 

* Presented at 27th Annual Meeting, Fed 
eration of Sewage and Industrial Wastes 
Assns.; Cincinnati, Ohio; Oet. 11-14, 1954 


Vilwaukee, Wis, 


rent engineering effort is being directed 
toward the elimination of such hazards. 

As an example of a typical pickling 
system, a brief review of the operation 
at the A. O. Smith Corp. of Milwaukee, 
Wis. isin order. In this plant, pickling 
s carried on at a concentration of 5 
per cent sulfuric acid, by weight, and 
at a temperature of 135° FF. From 
time to time acid additions are made to 
keep the bath up to operating strength 
As the iron salt content of the pickling 
bath increases, the action of the process 
is retarded. To compensate for the re 
duced pickling rate, the temperature of 
the bath is raised to at least 150° F 
without the addition of acid 

When the acidity is reduced to 2 per 
cent or less, the solution is discarded. 
The specific gravity at this stage will 
he approximately 1.40 and the ferrous 
sulfate content, as copperas, approxi- 
mately 50 per cent by weight. The 
quantity of waste pickle liquor dis- 
carded at this plant varies from 15,000 
to 35,000 g.p.d. and averages somewhat 
more than 5 m.g. per year. The salts 
in this quantity of waste pickle liquor 
contain 2,500 tons of iron, which is ap 
proximately one week’s output of a 
modern blast furnace. Normally, 15, 
000 tons of 60° Baumé acid are used 
per year in this factory 

Consistent with the current trend of 
developing methods for the proper 
treatment of industrial wastes, the ef 
forts of this company are concentrated 
on finding a practical process for the 
disposal of waste pickle liquor. During 
the past 20 years, the company has 
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reviewed, studied, or trial tested at 


least 36 different proposals or methods 
Most of 
found to be im- 
practical, either operationally or from 
a high capital investment point of view. 
methods 
brought a decision to engineer a plant 


for the disposal of this waste. 


these processes were 


Evaluation of the various 
to neutralize the waste pickle liquor 
with carbide lime, a by-product of the 
acetylene industry. A neutralization 
procedure of this type would help to 
solve two disposal problems in the im- 
mediate area—first, the waste pickle 
liquor and second, carbide sludge from 
the manufacture of acetylene gas. 

Late in 1950, the A. O. Smith Cor- 
poration began work on designing a 
neutralizing plant that would be com- 
pact, simple in operation, and low in 
capital investment cost. Preliminary 
tests indicated that dewatering of the 
resultant neutral mixture, formed in 


the proposed process, would be re- 
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quired for ease of final product dis- 
posal. Trial runs using a rotary vac- 
uum filter showed that this type of 
dewatering would be practical to pro- 
duce a disposable filter cake. A plant 
incorporating these ideas was placed 
in operation in May 1951. 

In the process, the waste liquor is 
gathered from the several pickling loca 
tions by stainless steel tank truck and 
dumped into a receiving vat at the 
disposal plant site. The carbide by- 
product lime is moved by a front-end 
loader from a storage shed and dumped 
directly into a slurrying tank. The 
slurry tank is of concrete construction, 
rectangular in shape, tapered from 
ground level to a depth of 8 ft. At the 
ground level side of the tank, located 
at an outside wall of the main build- 
ing, a hopper and screen arrangement 
allows the front-end loader to release 
the dry lime directly into the tank and 
prevents foreign material from enter- 


FIGURE 1.—Lime slurry recirculating pump and tank. 
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FIGURE 2.—Reactor tank (right) and filter (left). 


ing the system A recirculating pump 
(Figure 1), rated at 400 g.p.m. and 
operating continuously, slurrys the lime 
agitation holds the 
bleed-off from 
this same hydraulic recirculating sys- 
tem allows whatever lime is required to 
go to a reactor tank. Slurry tank ca- 
pacity is approximately 3,000 gal., 
each gallon containing from 2 to 2.5 
lb. of lime 

Through semi-automatic operations, 
the waste pickle liquor and lime slurry 
are pumped into the reactor tank in 
controlled quantities to maintain the 
mixture at a pH of 7.0 to 8.0. The re 
actor tank (Figure 2) was designed to 
allow a maximum 
time for chemical reaction. 
runs at 9) to 98 per cent 
reaction efficiency 


and the constant 


lime in suspension. 


retention 
The plant 
chemical 


15-min. 


The lime slurry and waste pickle 
liquor are admitted continuously to the 
bottom of the reactor, together with a 
small amount of compressed air, in such 
a manner as to be immediately inter- 


spersed by an agitator. The trial and 


error method was used in the selection 
of the speed and blade design of the 
agitator to obtain the proper particle 
size of the neutral precipitate for best 
filtering results. 

Operation of this plant, in the early 
stages, indicated that the extent of 
oxidation of the ferrous ions affected 
filtering rates to a marked degree. In 
vestigation of this phenomenon showed 
that the best rates were obtained when 
from 2 to 5 per cent of the ferrous ion 
was oxidized to the ferric state. The 
effect of oxidation on filter cake thick- 
ness is shown in Figure 3. The dis 
covery of the fact that good filterability 
was obtained at this low percentage of 
oxidation was an important factor in 
making this process unique as well as 
practicable. To insure that the chemi- 
eal reaction is taking place under con- 
ditions of controlled neutralization and 
oxidation, use is made of a conductance 
meter developed in the company’s lab- 
oratory. Figure 4 shows the results of 
a series of tests measuring the electrical 
conductivity of waste pickle liquor with 
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FIGURE 3.—Effect of oxidation on filter cake thickness. 


lime added in variable quantities to 
obtain a range of relative normality 
values of the resulting mixture. When 
run at varying temperatures it is noted 
that the point of lowest conductivity is 
at a point just past neutral on the 
alkaline side. This compares with a 
pH! of 7.5. The sharp crest in these 
curves made it easy to design a prac- 
tical instrument for measuring the con- 
duetivity of the solution and thus main- 


9 . 
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tain a close control of the mixture at 
the desired pH value. 

After retention in the reactor tank, 
the partially oxidized neutral mixture 
moves by gravity to the dise-type vae- 
uum filter and subsequently the filter 
cake, 50 to 60 per cent in moisture 
content, drops into a hopper (Figure 
5). Most of the filtrate is re-used in 
the lime make-up system and the bal- 
ance is discharged to the municipal 


' 


FIGURE 4.—Conductivity of pickle liquor at various stages of lime neutralization. 
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; FIGURE 5.—Disc filtration of neutral pickle liquor sludge. 


sewer Normal operation results in of the controlled oxidation-conduet 
final disposal of twenty 10-ton truck ance neutralization process. The waste 
loads of filter cake each day pickle liquor is collected from the sev- 

Kigure 6 shows a schematic diagram eral locations around the plant and 


Regulator for Reactor Tank — 
control of / with agitator Pump a. 
| i \ 
Motor Valve l) t Procedure: 
( tay | i lime slurry and oxidize. 
2 Filter the partially oxidized 
/ | 
Air to filter sBlower ||| 3. Discord precipitate (Fe(OH), + 
Filt Vacuum | | 4. Use filtrate for makeup 
Waste | Disk Filter . Sl Discharge slurry or release to 
Pickle Liquor SS Vecuum metropolitan sewer. 
Lagoons Dischorge chute J 


Pump C filtrate Pump]] 
} Discard - Move by truck 
To metropolitan sewer 


FIGURE 6.—Flow diagram for controlled oxidation-conductance method of continuous 
neutralization of waste pickle liquor. 
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placed in an underground storage tank 
or open lagoon. The lime is brought 
to the make-up sump and hydraulically 
slurried. The lime slurry and waste 
pickle liquor are then brought together 
in the reactor tank with a small amount 
of compressed air at a point immedi- 
ately below the agitating impeller. The 
resultant chemical reaction is carried 
on under conditions of controlled oxida- 
tion and neutralization by the use of a 
specially designed conductance meter. 
The resultant mixture flows by gravity 
to the vacuum dise filter, where it is 
partially dewatered and subsequently 
drops into the loading hopper and 
dump truck. Most of the filtrate is 
used as make-up water in the lime 
sump, the balance being released to 
metropolitan sewers. 

A general view of the complete dis- 
posal plant (Figure 7) shows the stain- 
less steel tank truck discharging the 
waste pickle liquor into the holding 
basin, the front end loading tractor in 
the foreground handling the lime, and 
a truck emerging from the 
with a load of filter cake. 


building 
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Through the method just deseribed, 
there has been developed an economical 
low capital investment process for the 
disposal of waste pickle liquor. How- 
ever, additional savings would be pos- 
sible by establishing uses for the by- 
product. Significant progress has al- 
ready been made in this direction. 
During 1954 experiments have been 
conducted in the use of filter cake 
as a soil conditioner. Using a small 
percentage of filter cake additive, data 
have been gathered showing the ef- 
fect on fruit yield of tomato plants 
grown in identical soils except for this 
addition. The studies reveal that there 
exists a consistent difference in the 
fruit yield as shown in Figure 8. Al- 
most 20 per cent more ripe fruit has 
been obtained from the treated soil 
compared to the untreated soil during 
a five-week period. 

Similar experiments have been car- 
ried on with other plant life and the 
results have been encouraging. No 
specific claims are made for application 
of the filter cake to soil as an aid to 
plant growth, but it is believed that a 


FIGURE 7.—Over-all view of pickle liquor treatment plant showing methods of handling 
waste pickle liquor (right), carbide lime (foreground), and filter cake (left). 
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for 
material which will greatly assist 


possible use has been discovered 
this 
the steel industry to remove the stigma 
placed upon it through the resultant 
products of one specific and important 
industrial waste. 
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FIGURE 8.—Comparative yields of tomato plants grown in untreated soil and in same 
soil treated with pickle liquor filter cake. 


D. Hoak, Senior Fellow, Mellon In- 
stitute of Research. Some earlier de- 
velopments in methods of waste pickle 
liquor disposal were established at the 
Mellon Institute as the out-growth of 
the Multiple Fellowship of the Iron 
and Steel Institute which has been 
sustained at the Institute since 1938. 

Patent claims on the de- 
scribed herein have been allowed and 
the method is available through Eimco 
Corp., licensed to engineer and install 
equipment for this purpose. 


process 


DISCUSSION 


By Ricuarp D. 


Hoak 


Senior Fellow, Mellon Institute, Pittsburgh, Pa. 


The invitation to diseuss this paper 
was accepted with special pleasure be- 
cause of the interest of the American 
[ron Steel Institute Fellowship 
in pickle liquor disposal, and because 
the work which led to the 


and 


original 


process described was done at Mellon 
Institute. 

For analytical chemists this process 
illustrates the value of analytical meth- 
odology to research on process develop- 
About 10 years ago there was 


ment. 
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needed a more rapid method for de- 
termining total sulfate than the con- 
ventional barium chloride procedure. 
It was found that when an excess of 
standard caustic soda is added to 
pickle liquor and the mixture is boiled 
briefly, the precipitated ferrous hy- 
drate is converted to ferroso-ferric 
oxide. This material can be filtered off 
and the excess caustic titrated to meas- 
ure the sulfate present. Application 
of this finding to pickle liquor neu- 
tralization provided the basis for the 
process described. 

The observation that ferroso-ferric 
oxide is formed suggested the necessity 
for carrying the oxidation far enough 
to yield this oxide. Ferroso-ferric oxide 
(Fe,O,-FeO) contains two atoms of 
ferric and one of ferrous iron. Thus 
a ferric/ferrous ratio of 2:1 appeared 
to be indicated. A series of runs car- 
ried out at various ratios indicated that 
the actual ratio was not a critical factor 
because good filterability occurred with 
ratios in the range 2.5 to 3.5. Filtera- 


bility became progressively poorer as 
the degree of oxidation fell further and 
further outside this range. 

The A, 
stalled the first commercial embodiment 


Smith Corporation in- 
of the process. In their development 
work the important discovery was made 
that oxidation of only 2 to 5 per cent 
of the iron was adequate to provide a 
high filtration rate. This was far 
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outside the range of the original work, 
and it made the process more attrac- 
tive. One result has been installations 
at three other industrial locations. 

An important feature of the process 
is the fact that it is not limited to high- 
calcium lime or the acetylene sludge 
being used at A. O. Smith. Dolomitic 
lime has a higher basicity than high- 
calcium lime, but it is less reactive and 
produces a bulky sludge in conven- 
tional neutralization. In the aeration- 
neutralization process, however, advan- 
tage can be taken of the lower cost per 
unit of basicity purchased as dolomitic 
lime. In addition, the sludge volume 
is only about one-half as great. Dolo 
mitic sludge is not as filterable as high- 
‘alcium sludge because the filtration 
rate is a function of the co-precipitated 
calcium sulfate. Caustie soda can be 
used as the neutralizing agent, but its 
relatively high price is a deterrent 
With this the products are 
hydrated iron oxide and a solution of 
sodium sulfate. Under special local 
conditions it might be practical to 
market sodium sulfate and convert the 
oxide to a pigment. Ammonia can be 
used similarly, but the temperature 
must be held at 75° C. or higher for the 
process to be operated successfully, 

Use of the sludge as a soil supple 
ment is an interesting development 
It is to be hoped that investigation of 
this agricultural use will be continued. 


reagent 


1954 JOURNAL ISSUES NEEDED 


An unprecedented increase in Fed- 
eration membership growth during 
1954 has resulted in depletion of the 
stock of certain 1954 Journal issues. 
These are urgently needed to fill re- 
quests for these issues by libraries 
and other permanent record facilities 
throughout the world. 

The issues needed are those for Feb- 


ruary, April, July and October 1954 
The Federation is authorized to pur 
chase the listed issues at $0.50 per 
copy and to reimburse the sender for 
Send 
any extra or unwanted copies of these 
issues to: Federation of Sewage and 
Industrial Wastes Associations, 325 
Illinois Building, Champaign, Il. 


the necessary postage charges. 
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TREATMENT OF MACHINE SHOP WASTES CON- 
TAINING EMULSIFIED OILS * 


By C. W. 


HATHAWAY 


Metallurgical Department, Chevrolet Detroit Forge Division, 


General Motors Corporation, Detroit, Mich. 


This paper deals briefly with the ef 
forts of the Chevrolet Motor Division 
of General Motors Corporation to re- 
duce the oil content of waste waters at 
manufacturing plants in several differ- 
ent cities and to render the recovered 
oil suitable for use as a substitute for 


purchased oils 


Sources and Characteristics of 
the Wastes 


The under discussion is that 
effluent from machine shop, stamping, 
and heat treating operations which car 
ries oil in both the free and emulsified 
forms. The free oil consists of lubri 
cating oils, hydraulic oils, quench oils, 
ete., which the water through 
leakage or washing operations or, at 


waste 


reach 


times, through direct dumping, either 
intentional or accidental. 

The presence of emulsified oils is due 
to the direct dumping of rancid or 
dirty cutting and grinding coolants 
and the either free or 
emulsified oils from various articles by 


washing of 


the use of emulsifying cleaners. 

The waste is complex in nature, con 
taining not only the various oils, greases, 
and drawing compounds, but also the 
that been used 

materials from the 
These latter 
compounds have a definite effect on the 


various cleaners have 


to transfer these 


metal pieces to the water 


ordinarily insoluble oils that are pres 
them to 
The resulting 
value 
There 
* Presented at 27th Annual Meeting, Fed 


of Sewage and Industrial Wastes 
Cincinnati, Ohio; Oet. 11-14, 1954. 


ent, often causing combine 
with considerable water 
little 


when skimmed from the waste 


emulsion has commercial 


eration 
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are often in addition various other in- 
cidental pollutants, such as fine grind- 
ing debris and other dirt, which may 
complicate the treatment process 

The waste water may be quite large 
in volume and, in the Chevrolet plants, 
has varied in oil content from a few 
to as high as 40,000 p.p.m. 

The extent of treatment applied is 
dependent upon the quantity of waste 
involved and the quality of effluent 
necessary to prevent undue pollution 
of the receiving sewer or body of water. 

Considerable experimental work on 
the treatment of this waste has been 
done in the company’s laboratories, on 
pilot-plant set-ups, and in full-scale op- 
erations. The results obtained and the 
treatments used are consistent with the 
general principles that an emulsion of 
oil and water may be broken by treat- 
ment with an electrolyte and that small 
quantities of oil may be removed from 
water by treatment with a coagulating 
chemical As observed by others, it 
has been here determined that an in- 
organic salt is more efficient than an 
acid (in similar quantities) and a salt, 
the positive ion of which is divalent 
or trivalent, is more efficient than one 
with a monovalent ion. It 
been observed that a much more com 
plete break can be obtained, if the pH 
is such that there is a slight amount 
of floe formed. 


has also 


Single-Step Process 


The simplest process used at Chev 
rolet is a continuous treatment of segre- 
gated waste by the addition of alumi- 
num sulfate. This is used at a plant 
where the amount of oil waste is not 
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FIGURE 1.—Flow diagram for simple treatment of small flows of oily waste waters. 


great and the effluent goes to a sanitary 
sewer. Non-oily waste from other parts 
of the factory subject this effluent to 
considerable dilution. 

This treatment produces an oily seum 
which rises to the surface when the 
liquid is passed through a small gravity- 
type separator. The scum is removed 
and subsequently treated with sulfuric 
acid and heat. The aluminum hy- 
droxide floc is broken down and alumi- 
num sulfate is re-formed. The oil is 
released and rises to the surface. The 
combination of newly formed alumi 
num sulfate and excess sulfurie acid 
is used as a treating chemical, as a 
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substitute for, or in combination with 
the alum in the first stage of the 
process. This process is outlined in 
Figure 1. 


Two-Step Treatment Involving 
Sedimentation 


The first Chevrolet attempt at large- 
scale treatment of this type of waste 
was at a plant where many varieties of 
machining, grinding, and stamping op- 
erations were involved. The effluent 
was to be discharged to a small river 
which was subject to considerable pol- 
lution from manufacturing industries. 

This treatment system (Figure 2), 
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FIGURE 2.—Flow diagram two-step treatment involving sedimentation. 
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which has been in operation for about 
six years, is based upon the previously 
mentioned fact that oil can be broken 
from an emulsion by the addition of an 
electrolyte and that small quantities of 
oil ean be removed from water by 
coagulation. A combination of these 
treatments is used at this plant. The 
system was designed for the treatment 
of 10,000 gal. of waste water per hour 
The waste is collected in various sumps 
located throughout the manufacturing 
areas. It is then pumped through over 
head pipelines to two 64,000-gal. hold 
ing tanks on the roof of the treatment 
plant 

From here it descends through sy 
phons to the first (upflow) mixing tank, 
where it is treated with a combination 
of aluminum sulfate and sulfuric acid 
and subjected to rather rapid agitation 
for a retention period of about 10 min 
It then passes to a gravity oil separator 
where the released oil with some floc 
is skimmed off and routed to a holding 
tank. The separator is sized for a 
retention period of about 2 hr. Dur 
ing this operation the pH is about 4 
Caustic is next added to raise the pH 
for optimum floc formation. 

The waste is then passed through a 
mixing tank having a retention time 
of about 5 min. From here it passes 
to the coagulation zone of a circular 
sedimentation tank. This is a conven 
tional combination type of coagula 
tion and clarification equipment with 
peripheral weir, scum baffle, and sludge 
scraper. The coagulation zone has a 
retention period of about 30 min. and 
the sedimentation zone a period of 
about 8 hr. 

The settled sludge passes by gravity 
to a vertical cylindrical tank, from 
which it is then pumped to an elevated 
tank, where it is treated with sulfuric 
acid. The resulting aluminum sulfate 
and excess acid are routed to the first 
mixing tank for use as the treating 
chemical 

The treatment of the sludge is re 
sorted to, not for the purpose of saving 
chemicals, but as a means of sludge 
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disposal. The continual deposition of 
oily sludge on dumps ultimately re- 
sults in rather perplexing problems. 

The oil skimmed from the separator 
is not of any economic value and 
presents a disposal problem. It con 
tains considerable water (often up to 
75%) and therefore requires further 
treatment before re-use. This mate- 
rial is pumped to a lead-lined cooking 
tank of 2,000-gal. capacity (there are 
two in this installation). It is here 
treated with sulfuric acid and heated 
to about 180° to 200° F. This causes 
a breaking of the emulsion. A layer of 
practically water-free oil rises to the 
top. Below this is a rather heavy 
combination of oil and water, followed 
by a lower layer of water, and the 
excess of sulfuric acid. The lower lay- 
ers are drawn off and used as a dosing 
chemical in the first mixing operation 
The oil layer is boiled to further reduce 
the water content to a point where it is 
not objectionable for the best use of 
the oil. 

The system just described is fairly 
efficient and reliable. It is subject, 
however, to certain variables and up 
sets 

Variation in the composition of the 
waste may cause a temporary impair- 
ment of the emulsion breaking process. 
This permits a greater oil content to 
pass to the coagulation process. The 
greater quantity of oil causes the for- 
mation of a more buoyant floc, which 
in turn is conducive to poorer clarifica- 
tion. Suoyant floc is particularly 
troublesome in a process where no co 
agulant aid (such as activated silica) 
is used, but activated silica is believed 
to have a detrimental effect on the 
sludge treatment process previously 
described 

Another sedimentation difficulty, per- 
haps more prevalent in waste treat 
ment than in other water treatment 
processes, is the tendency toward tem 


perature variations. The waste often ar 
rives at the treatment plant at a some 
what elevated temperature. Warmer 
water entering the sedimentation cham- 
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ber tends to rise. It may channel 
upward to the surface in columns, car- 
rying floc through the sludge blanket 
and toward the effluent weir. F loc 
that would ordinarily settle quite read- 
ily is thus carried over the weir. It 
is interesting to observe that floe which 
would not settle in a circular tank with, 
say, 6-hr. retention will often settle in 
the weir trough where there is con- 
siderable current. This may be due 
to a variety of factors. One of these 
is apparently the tendency for a floe 
particle to lose some of the oil load 
when the particle strikes the surface of 
the water or collides with the edge of 
the weir. Such particles have been ob- 
served to rise, lose the oil in a film at 
the surface, then descend to the lower 
portions of the tank again. 

All of the foregoing peculiarities and 
conditions plus, no doubt, many more, 
cause variations in the effluent com- 
positions in this type of treatment. 


Improved Design 


The next Chevrolet treatment plant 
was designed with these difficulties in 
mind, The effluent from this plant is 


MACHINE SHOP WASTES 201 


discharged to a storm sewer, which is 
routed to a small creek. Sudden dis- 
charges of an objectionable effluent 
would be readily noticeable in this type 
of stream 

The general plan of treatment was 
similar to that of the system just de- 
scribed, with certain exceptions (see 
Figure 3). The oil separating capacity 
in the first stage of the process was 
doubled. ‘'wo skimming tanks were 
used and these are so elevated and 
valved that they may be operated either 
in series or in parallel. 

Two sedimentation tanks are pro- 
vided instead of one. These may be 
operated either in series or in parallel. 
The first, of a rectangular, longitudinal 
flow type, is being tried to reduce the 
effect of convection currents due to 
temperature differences. It was thought 
that these currents would have time to 
dissipate before the water reaches the 
effluent weirs located at one end of the 
tank. Circular tanks of moderate size 
have such short distances between 
points of influent and effluent that 
disturbances in the former are often 
quickly reflected in the latter. 
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FIGURE 3.—Flow diagram for improved combined treatment of oily waste waters. 


bid 
i 
A 
: 
can 


202 


Hat 


SEWAGE AND INDUSTRIAL WASTES 


February, 1955 


MorTor blaste 
| 


SEPARATOR 


Coote 


Ac/O 
Sot 


FIGURE 4.—Flow diagram for treatment of combined forge plant and motor 
plant wastes by flotation units 


The second sedimentation tank is of 
conventional circular design, except for 
a rather large sidewall depth for an 
extra deep sludge blanket. Provision 
is made for the addition of extra alum 
at the 
these two tanks 


The effluent 


routed to a small lagoon before being 


coagulation zone of either of 


from this system is 
discharged to the storm sewer. It has 
the capacity for about 45-hr. retention 
at the designed rate of flow. Assum 
ing operations taking place 16 hr. per 
day, this would be equivalent to nearly 
The lagoon is 
designed with outlets just below the 
surface of the water so that seum will 
not be 


three days retention 


discharged. There is also a 
bottom drain so that the lagoon can be 
drained during periods of heavy runoff 
or at times when ice 


surface effluent lines 


might clog the 


Two-Step Process Involving Flota- 
tion With the Aid of Air 
Before the last mentioned plant was 


put into operation it became necessary 


io design two more systems. One of 
these was for the treatment of a typical 
machine shop oily waste. It was com 
paratively small in size and presented 
an opportunity for a rather thorough 
investigation of one of the 


dissolved air flotation units 


popular 


Provision was made for a preliminary 
treatment involving chemical addition, 
followed by simple gravity separation 
then additional chemical treatment in 
a dissolved air unit. This arrangement 
vielded fairly consistent results with- 
out the use of final filters, which are 
While 


this system was being constructed, de 


now becoming quite common. 


sign work was begun on the largest 
treatment system undertaken by Chev 
rolet. This system is being provided 
for the treatment of 
plants 


wastes from two 
an engine manufacturing plant 
and a forge plant (see Figure 4). 

The engine plant waste is expected 
to have a rather high oil content. It is 
to be given the preliminary treatment 
previously mentioned for removal of 
most of the oil. The effluent from this 
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treatment will then join the forge plant 
waste, which is greater in volume but 
lower in oil content. This combined 
waste is then subjected to the dissolved 
air flotation treatment. All skimmings 
are to be treated in cookers as previ- 
ously described. 

The effluent joins non-oily effluents 
from these plants and from a large 
foundry before passing to the river. 

All of the flow sheets shown are ex- 
These plants are 
respect to both 


tremely elementary. 
rather elaborate in 
piping and housing. Spare pumps, by 
and emergency overflows are 
provided wherever possible. The build 
ings are of factory-type brick and con- 
Most 


Passes, 


crete construction. tanks are of 
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steel, with acid-resistant linings where 
necessary. 

The systems described are expensive 
to build and expensive to operate, the 
value of the recovered oil only partly 
paying the cost of operation. All ex 
cept the last system described have been 
in use for some time. They have been 
effective in controlling pollution at 
their respective locations. The amount 
of oil removed from the water over a 
period of time is rather startling, more 
than 2,000,000 gal. having been re 
claimed since 1950. Most of this has 
been used as a fuel oil, with about 
100,000 gal. used in dust control opera 
tions and 60,000 gal. in polishing opera 
tions. 


DISCUSSION 


By T. 


R. Hasevrini 


Partner, The Chester Engineers, Pittsburgh, Pa. 


It is obvious that Mr. Hathaway and 
his organization have had wide ex- 
perience in both the laboratory research 
which must precede the 
plants handling oil emulsions, and 
also in the actual operating perform- 
such plants. Although the 
writer’s firm has long been interested 
in the treatment of the so-called ‘‘solu 
ble oils,’’ 


design of 


ance of 


its operating experience has 
been far less extensive and therefore it 
is with considerable temerity that an 
attempt is made to discuss this interest 
ing paper. 

The comparative lack of experience 
is due in part to the fact that many of 
the firm’s clients having a soluble oil 
problem also have a pickle liquor prob- 
lem. Wherever the two wastes are en 
countered in the same plant, they may 
No addi- 
tional chemicals are required and the 
resulting sludge is far less voluminous 
than would result from the separate 
treatment of the two wastes. 

In the Pittsburgh separate 
company, known as Industrial Wastes, 


best be disposed of together 


area @ 


Ine., has developed a thriving business 
in the collection of spent pickle liquor 
from various industries and the treat- 
ment of such liquor in central plants 
(1). The charge for such 
ranges from $0.02 to $0.025 per gallon 
Many industries find that service to be 
the most economical way of disposing 
of spent coolants or similar emulsions 
of relatively high oil content. By the 
adoption of various good housekeeping 
procedures within the machine shops, 
they have greatly reduced the chance 
for the otherwise 
clean cooling water with either coolant 
or non-soluble cutting and quenching 
oils. 


service 


contamination of 


Illustrative of such procedures 
is the use of double-compartment boxes 
and bins, by one concern, for the col 
lection and temporary storage of metal 
chips and cuttings. The two compart. 
ments are separated by a perforated 
false bottom. The content of the lower 
compartment is periodically dumped to 
the spent pickle liquor storage reservoir 

Obviously no industry can afford to 
spend $0.02 or more, per gallon to dis 
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pose of relatively large volumes of low 
However, ex 
perience to date indicates that if such 


oil content emulsions 


wastes are combined with rinses trom 
acid pickling and alkaline cleaning op 
erations, the mixed wastes can be ef 
feetively treated in simple basins equip 
with 


sludge 


skimming and 
facilities of conven 
The control of pH is 
where the ' 


pickle liquor rinse is far in 


ped mechanical 
removal 
tional design 


only necessary volume 
excess of 
the other wastes 

Analyses at one such basin, which 
theoretical deten 
tion period of 1.7 hr. 


rate of 650 g p.d 


was designed for a 
and a settling 
per square foot, in 
dicated the following when operating 
at about 30 per cent of design capacity 


Reduetion 
Detern 


pH 
Suspended 

(p.p.m.) 365 
Oil and gres 

(p.p.m 187 93.6 


Sludge from the basin 


about twice a week and combined with 


is pumped 
the spent pickle liquor for ultimate 
disposal by the waste collection com 
Normally, little 
forms on the tank surface, however ex 


pany very scum 
ceptions are frequent enough to justify 
the provision for mechanical skimming 
The with the 
pent pickle liquor 


scum is also combined 

Where pickling wastes are not avai! 
able, the 
waste 


treatment of oily 
sis far more difficult 
such is the case at the plants deseribed 


by Mr 


the writer pointed out the wide varia 


separate 
Apparently 


Hathaway. Several years ago 


tion in the characteristics and treata 
bility of various soluble oil emulsions 
2 Mr 
the other 
such 


Hathaway calls attention to 
variables introduced into 
wastes due to the admixture of 


other oils, greases, cleaners, drawing 
compounds, grinding debris, dirt, ete 
Ile also mentions the effect of tempera 
ture light of these 


many changeable conditions, it is not 


changes In the 
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surprising that Chevrolet has used sev- 
eral different flow diagrams and that 
other concerns have adopted still dif 
ferent plans (3). However, the pre 
valence of these many variables points 
to the following conclusions : 


1. Any sedimentation unit provided 
for the treatment of oily wastes should 
be equipped with effective skimming 
devices 

2. Any flotation unit provided for 
the treatment should 


have adequate provision for sludge re 


of oily wastes 
moval 

3. The first unit of any oil) 
treatment plant should be a large re 


waste 
ceiving and equalizing well—the larger 
the better 


If wastes from heat treating operations 
are to be included, the installation of 
cooling coils in the well and provision 
for recirculating its content should be 
carefully considered 
The use of multiple separators and 
settling tanks arranged for either series 
or parallel operation, as illustrated by 
Figure 3, adds greatly to the cost and 
complexity of the plant and would re 
quire very intelligent operation to real 
ize its benefits larger 
waste holding tank equipped with ade 
quate 


The use of a 


and recirculation 
facilities might have permitted the use 


cooling coils 


of a simpler plant of equal or less 
initial cost 

The ability to 
from the 


recover a usable oil 
treatment of the machine 
shop emulsions sounds attractive but 
as stated by Mr 
of the 


pay the cost of operation. 


Hathaway, the value 
recovered oil is insufficient to 

Its recover, 
adds appreciably to the cost of con 
structing and operating the plant. There 
may be many instances where the use 
of cheaper and less complicated proc- 
esses would be warranted even though 
they failed to recover any oil whatso 
ever. 


The writer has often wondered why 


so many soluble oil treatment plants 
utilized the two-stage process, wherein 


=> 
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the wastes are first acidified and treated 
by gravity oil separation after which 
alkali coagulant are added for 
final treatment by sedimentation or 
flotation. A simpler single-stage proc- 
ess involving only coagulation, followed 
by sedimentation or flotation, would 
produce an effluent of equal quality in 
a smaller, simpler, and cheaper plant. 
Less alkali and no acid would be re- 
quired. True, it would be necessary 
to use more alum or other ¢o- 
agulant, due to the higher oil content of 
the wastes being coagulated. However, 
experience indicates that as long as the 
oil content of the initial waste does not 
exceed 3 to 4 per cent, a 50 per cent 
reduction in its oil content will effect 
something less than a 20 per cent sav- 
ing in coagulant requirement. Fur- 
thermore, it should be noted that some 
emulsions can not be broken by acidifi- 
cation, even to a pH of 2 or less. 

Many of the wastes contain free float- 
ing oil as well as emulsified oil. The 
free oil should be removed in advance 
of coagulation. However, provisions 
for such removal could be incorporated 
in the holding and equalizing tank, 
thus eliminating the need for the first 
stage separators. 

In all of the plants described by Mr. 
Hathaway, the sludge resulting from 
the coagulation process is acidified to 
permit the recovery of aluminum sul- 
fate. However, he states that this 
method of sludge treatment has been 
adopted primarily as a means of sludge 
disposal. Personal experience corrobo- 
rates the fact that the continual disposi- 
tion of oily sludge on dumps may 
ultimately result in rather perplex 
However, much depends 
upon the location and arrangement of 
the dump or lagoon. Furthermore, 


and 


some 


ing problems. 
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there are some instances where small 
volumes of spent coolant are simply 
disposed ef by dumping over coal stor- 
age piles. Perhaps a similar disposition 
of sludges would be adequate in some 
instances. 

The acid treatment of the sludge as 
described by the author does, of course, 
effect some saving in alum require 
ments. However, it necessitates the 
purchase of acid, materially increases 
the amount of alkali needed, and adds 
greatly to the complexity of the plant 
and its operation. There must be many 
instances where the trucking of sludge 
to suitable dumps would be warranted 
by the saving in initial plant cost and 
simplification of operation. 

It is regretted that Mr. Hathaway 
did not diseuss the relative merits of 
air flotation and sedimentation de- 
vices, Experience with laboratory-size 
air flotation units indicate that, for the 
same waste, flotation requires about 40 
per cent less coagulant and produces a 
scum of materially less volume than 
that of the sludge resulting from sedi- 
mentation. Beebe (3) has pointed out 
the economy of space resulting from 
the use of air flotation. Despite lack 
of personal full-scale operating experi- 
ence with such units, the writer ven- 
tures the opinion that they are far 
less affected by temperature changes 
than are sedimentation basins. 
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OPERATION OF ION EXCHANGE UNITS FOR 
TREATMENT OF ELECTROPLATING 
WASTES * 


Chemist and Vetallurgiat, Ternatedt Dis 


The management of the Ternstedt 
Division of General Motors Corporation 
has always been keenly interested in 
the problem of water conservation. At 
the same time, it has had the equal 
conviction that pollution abatement 
and water conservation were combined 
rather than separate objectives. be 
cause of this belief, approval was given 
for the construction of an ion exchange 
pilot unit at the division’s Trenton, 
N. J. plant. Prior research had in 
dicated that ion exchange offered one 
logical approach to the solution of the 
twin problems of water conservation 
and pollution abatement 

The waters selected for treatment 
were those discharged from rinsing op 
erations following chromium, nickel. 
and acid copper electroplating opera 
tions. Each type of rinse water is han 
dled separately and given a complete 
demineralization treatment by passing 
through a cation and anion exchanger 
Effluent water of this quality could be 
used for a wide variety of in-plant op 
erations 

The ion exchange units were built to 
the company's specifications, which had 
been developed as the result of several 
years of research work upon a variety 
of plating rinse waters. The total 
quantity of resins installed in the pilot 
plant is 76 cu. ft. Operations were 
started in December 1953. Between 
then and October 1954, 7 m.g. of rinse 
waters have been treated, reclaimed 
and returned to the plant. In general, 


* Presented at 27th Annual Meeting, Fed 
eration of Sewage and Industrial Wastes 


Assns,; Cincinnati, Ohio; Oct. 11-14, 1954. 
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on, General Motors Corp., Trenton, N. J. 


the results have been good: as a result. 
a full-scale ion exchange plant is now 
being constructed at the Flint, Mich.. 
plant of the Ternstedt Division. This 
plant will have a combined resin capae- 
ity of 1,100 en. ft 


Procedure 


The nickel, which is removed from 
the cation tower as nickel sulfate, is 
returned to the plating conveyors. De 
spite predictions, this has not caused 
any plating difficulties in any manner. 

As the reclaimed nickel sulfate has 
also an excess of sulfuric acid. this 
excess acid must be neutralized. This 
is accomplished by using nickel car- 
bonate, which is converted to nickel 
sulfate by chemical action. The end 
point for this reaction is a pH of 2.6 
to 3.0, 

These daily additions of reclaimed 
nickel sulfate can be made only if it is 
regarded as an addition in lieu of 
water. Each conveyor requires daily 
additions of water in excess of the 
volume of nickel sulfate solution pro 
(luced by the ion exchange units. 

Acid copper or copper sulfate elec- 
troplating solution tends to develop an 
excess concentration of copper sulfate. 
Therefore, the copper sulfate from ion 
exchange recovery has little or no value. 
However, this same plating process re 
quires considerable daily additions of 
sulfuric acid. Therefore, the copper 
sulfate-sulfuric acid combination pro- 
duced by regeneration of the cation 
resin is returned to the plating solution 
in lieu of normal acid additions 

The sodium hydroxide and its added 
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dissolved anions from the 410 resin re- 
generation are discharged to the sewer 
system. Studies are being made to 
develop uses for this discharge in some 
manufacturing process. 

The chromium is removed from the 
anion resin as sodium chromate, which 
in turn is treated with barium hy- 
droxide to precipitate barium chromate. 
This method, rather than reconversion 
to chromic acid by ion exchange, was 
selected on the basis of operating eco- 
nomics and the availability of sales out- 
lets for waste chemicals. None of the 
barium chromate has been sold to date; 
therefore, a complete evaluation can- 
not be made. 


Resin Performance 


There is no indication that the per- 
formance level of the resins has altered 
during the 10-month operating period, 
Undoubtedly, there has been some loss 
of resin by carry-off and erosion, but 
until the cells are opened and a close 
examination made, the extent of such 
loss can only be regarded as negligible. 
At any rate, the general average of 
through-put gallons to exhaustion has 
remained relatively constant. 


Reclaimed Water 


The water reclaimed by ion exchange 
at the Trenton plant is pumped di- 
rectly into the steam condensate return 
lines to the powerhouse. Initially, it 
was not considered advisable to return 
this water to electroplating operations 
until an accurate picture was obtained 
as to water quality and the probability 
of introducing undesirable metallics 
into plating solutions because of me- 
chanical or operator failures at the ion 
exchange plant. At the Flint plant, 
the water is to be returned directly to 
plant process applications. 

The established standard for water 
quality to the powerhouse or resin ex- 
haustion point is a maximum of 4 
p.p.m. of calcium carbonate hardness 
from the cation cell, and a maximum of 
15 p.p.m. as SO, from the anion bed. 
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Operating Cost 


The cost of operating an ion exchange 
unit is composed of many factors. <A 
change in the yardstick by which the 
resin exhaustion point is measured can 
conceivably alter the through-put vol- 
ume by as much as 10,000 gal. Changes 
in technique, concentrations, or cell 
construction can sharply alter the dol- 
lar picture. The strict cook book recipe 
for operation of the system has built 
into it many individual’s conception of 
safety factors which only close, inter 
ested, and attentive study can evaluate. 
The prescribed regeneration concentra- 
tions and flow rates are established so 
that the resin equipment will perform 
as scheduled. However, the objective 
from the user’s standpoint should al 
ways be to secure the maximum of 
performance per dollar of expenditure. 
If this is recognized, it will be found 
that this objective is sometimes reached 
by treatments or practice at variance 
with the strict laboratory recommenda 
tions. 

During the period the plant has been 
in operation, work has been concen- 
trated primarily on regeneration tech- 
niques and concentrations and opera- 
tions have been developed that differ 
from the initial practices. The follow- 
ing cost comparison is made between 
actual performance for the 10-month 
period and what it would have been 
had there been strict adherence to nor 
imal procedures : 


Operational Method 
Item 


Actual Normal 
Rinse water treated 
(gal.) 6,000,000 6,000,000 
Cost of regen. chem. ($) 2,438.50 3,890.94 


The data are given simply to indicate 
that the cost as well as the chemistry 
aspects of ion exchange must be studied. 
The effect of close attention to tech- 
niques and operational mechanics upon 
the cost of regenerating the resin beds 
are indicated, the ‘‘normal’’ tabulation 
indicating what the 


chemicals cost 
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would have been had no study been 
made of means by which this item of 


cost might be reduced without affecting 
the performance of the resins. 

The cost for ion exchange unit opera 
tion will differ from plant to plant. 
It is affected by 
water quality, the 


such factors as local 


level of the plant 


process control and knowledge, the 
quality of the personnel operating the 
ion exchange units, and the destined 


All 


carefully con- 


use for the demineralized effluent. 


these points must he 


idered before an operating cost evalu 


ation can be made 
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Summary 


Waste treatment starts with waste 
prevention. The necessity for any type 
of treatment should be kept at a mini- 
mum by attacking the problem at its 
source. 

Ion exchange for the treatment of 
electroplating wastes is in its infancy. 
Although it conceivably sup 
plant all other methods of wastes treat 


cannot 


ment, it does appear to have an excel- 
lent the 
objectives of pollution abatement, re- 


opportunity to accomplish 


claiming process chemicals for further 
use and conserving process water. 


OHIO VALLEY ABATEMENT PROGRAM REPORT 


Sewage facilities to treat the wastes 
from than 4,000,000 people are 
now in operation in the Ohio Valley 
And 
or approved for an early start on con 
will treat the 
another 3,260,000 people 
of the picture on pollution control de- 
velopments revealed in the sixth An 
nual Report of the Ohio River Valley 
Water Sanitation Commission recently 


more 


new facilities under construction 


struction sewage from 


This is part 


presented to the governors of the eight 


states who are joined in a regional 


campaign to secure clean streams. 
Summarizing accomplishments in the 
155,000-sq. mi. area of Illinois, In- 
diana, New York, Ohio, 
Pennsylvania, Virginia, and West Vir- 
that the interstate 


drainage district, the report shows that 


Kentucky, 


rinia constitute 
1 per cent of the population now is 
served by sewage treatment, 9 per cent 
has treatment plants under construc- 
tion and 26 cent has plans ap- 
proved Sewered 


population in the district is 9,822,000. 


per 


for construction 


Since the establishment of the Com 
1948 the 
in the installation of sewage treatment 


mission in rate of increase 
plants has been four times faster than 
was the case in the same period prior 
to its formation. 

Progress in industrial waste control 
is revealed from an analysis of reports 
from the signatory states, which shows 
that of the 1,190 industries discharg- 
ing directly into streams of the district, 
361 (30 per 
quate; 429 (36 per cent) provide some 
but 
quired ; 32 new installations are under 
129 facilities 
are in the planning stage. 

Equally important is the reduction 


cent) are rated as ade- 


form of control more will be re- 


construction; and new 


of pollution loads from thousands of 
industries that discharge into munici 
sewer where treatment 


pal systems 


plants have been built. For example, 
there are some 1,800 industries in Cin- 
cinnati, the wastes from which will be 


treated along with domestic sewage. 


| | 
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DISSOLVED AIR RECOVERY OF SUSPENDED SOLIDS 


By Josepn OstTeRMAN 


Project Engineer, Bulkley, Dunton Processes, Inc., New York, N. Y. 


In industry today, there is a great 
deal of talk about cross-fertilization of 
ideas. Oftentimes, a good idea or a 
process which has found wide and 
successful use in one industry can be 
readily adapted to other industries 
with great advantage. 

Such an idea, the use of dissolved air 
to separate solids from liquids, or to 
separate oil and grease from water, is 
now finding application in a _ wide 
range of industries from chemical proe- 
essing to meat packing—in situations 
where stream pollution must be 
avoided or valuable raw materials re- 
covered from process waters. Only a 
few short years ago, the process was 
designed for use in paper mills to 
recover valuable pulp and other in- 
vredients from white water effluent. 

Then, after considerable experimen- 
tation and development, an advanced 
process * began finding use for cleaning 
up waste waters from oil refineries, 
oil fields, soap plants, meat packing 
plants, airplane manufacturing plants, 
and general machining operations. The 
range of application was made possible 
by the fact that besides removing sus- 
pended material, the process could be 
adapted to recover colloidal materials 
such as oil and carbon. 

Today, the list of industries and 
plants that have adopted the process 
to wage a war on waste and _ ineffi- 
ciency, or to steer clear of stream pol- 
lution, or both, is growing rapidly. 
The reason: alert managements are 
becoming aware that it is smarter and 
cheaper to police oneself on stream 
pollution than to become involved in 
complicated wrangles with regulatory 

*The Colloidair process, developed by 


sulkley, Dunton Processes, Inc., New York, 
N. Y. 


authorities. Also, if valuable raw ma 
terials or by-products are being dis 
carded in the effluent, money is being 
thrown down the river. 

The secret of the unit’s success is 
the dissolved air technique, which per 
mits quiescent and efficient perform 
ance. Before dissolved air, diffused air 
systems were used for the same pur 
pose. But such processes were subject 
to turbulence, frothing and a_ low 
density float, none of which oceur with 
the dissolved air process. In the new 
system, air is introduced into the flow 
and dissolved under pressure greater 
than 25 ps.i. When the pressure is 
released, bubbles rise to the surface, 
with more efficient separation, es 
pecially with colloidal materials, being 
achieved by introduction of chemical 
coagulants into the system. This per 
mits separation efficiencies higher than 
other systems and at the minimum cost 

Among the primary features of the 
unit (Figure 1) are its minimum space 
requirements, low operating depth, and 
open tank design, permitting installa 
tion within buildings and structures at 
any floor level. Outdoor installations 
are also practical in many cases. 

In most installations, waste effluent 
flows from the process to a collecting 
basin or tank of suitable dimensions. 
From this point, it is pumped through 
a flow control valve to a closed reten 
tion tank (Figure 2), which is divided 
into two sections by a vertical baffle 
plate. The functions of this tank are 
to insure air saturation, to complete 
flocculation, and to remove excess air 
This excess air is released and bled 
from the closed tank as the water 
passes over the baffle. At the same 
time, the desired pressure is maintained 
regardless of flow variations by an 
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automatic air-operated control valve at 
the separator inlet 

Next, the flow from the pressure 
control valve is passed into a degasifi- 
cation and stilling chamber and is dis 


tributed across the top of the inlet 
section of the flotation tank at a 
predetermined level. From the time 


the white water leaves the control valve, 


all process steps are visible; that is, 


chemical flocculation, degasification, 


particle vrease collec 


suspensoid float collection, posi 


separation (or 
tion), 
tive removal and compaction of the 
float mat on the recovery apron, and 
discharge of the clarified effluent 
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FIGURE 
charge in the recovery chamber (far end) 
selective telescopic outlets, 


February, 1955 


Flotation is accomplished by release 
of the air from solution in water and 
its physical attachment to the floecu 
lated particles. The buoyancy of the 
minute air bubbles has the effect of 
lowering the specific gravity of these 
particles and conveying them to the 
surface of the flotation tank. This oc 
curs over the entire area of the flota 
tank, resulting in non-turbulent 
uniform The equipment 
maintenance problems encountered in 
vacuum de-aeration are 
avoided pressure 
of the air, since ultimate leakage of the 
air to the atmosphere is the desired 


tion 
flotation 


procedures 


through dissolving 


1.—Skimming flights deliver recovered fibers up dewatering ramp for dis- 


Clarified water discharge chamber (left) has 


|| 
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FIGURE 2.—Excess air is removed from the system in retention tank (center). 
Simple control panel (left) houses all instrumentation and controls. 


effect 
treatment cycle of approximately 20 


rhe entire process occurs in a 


min. in most applications, as opposed 
to 1 to 4 hr 
ods of clarification, 


required for other meth 
The net result is 
a reduction in floor area requirements 
which today represents a cost of from 
$0.50 te $2.00 per square foot 

Grease and solids floated to the sur- 
face are continuously pushed by flight 
scrapers towards the recovery trough 
at the far end of the separator. The 
adjusted scrapers do not dip into the 
body of the liquid; thus the liquid is 
not disturbed. Sludge is collected in 
the recovery chamber and periodically 
removed. 


Clarified effluent is continuously re 
moved from the bottom of the flotation 
chamber through uniformly-spaced re 
covery tubes with 
risers. Effluent discharges 
collection trough for 


height 
into the 
re-use or dis 


adjustable 


posal, 

In many cases the recovery of valu 
able raw materials or by-products 
from process effluents permits the unit 
to pay for itself in than a full 
year’s operation. In other cases, the 
avoidance of penalties or sanctions for 
stream pollution violations or the 
avoidance of a bad reputation make it 
well worth while to find out if dis 
solved air can solve your waste water 
problem 


less 
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Stream Pollution 


STATISTICAL ANALYSIS OF COLIFORM DATA * 


By 


\ 


THOMAS, JR 


{sxociate Professor of Sanitary Engineering, Division of Applied Science, 
Harvard Univer ily, Cambridge, M ass 


Measurements of the density of coli- 
form bacteria have interpretative value 
in the analysis of problems of disposal 
of liquid wastes primarily because coli- 
closely parallel 
such pathogens 

Shigella, ete. In a wide 
range of natural environments, and in 
treat- 
ments, the probability of the survival 
if be estimated 
from observations of the density of the 
Kehr and Butterfield 
the relative densities 
S 


die-away rates 


of 


Salmonella 


those enteric 


4S 


disinfection and other artificial 


the pathogens may 


coliform group 
that 
of coliform and 


1) showed 
typhosa in streams 
depend mainly upon the typhoid mor- 
bidity case rate in the drainage area; 
temperature, dilution, and biochemical 
activity were found to have a relatively 
minor influence upon the ratio of the 


densities of the survivors. A quantita- 


tive expression of this relation is as 
follows: 
S. typhosa per 10° coliform 
typhoid cases per 10° 
persons per year)®*®. . (1 


hey also offered evidence that typhoid 
will be produced in roughly 1 per cent 
of persons ingesting a single S. typhosa 
bacterium 
Precise evaluation of coliform density 
is limited inherently by the necessarily 
small size of samples that can be proc- 
essed bacteriologically at any one time 
The difficulty may be overcome only 
* Presented 1954 Annual Meeting, New 
ind Sewage and Industrial Wastes Assn 


ig 


Fairheld, Conn.; Oet. 28, 1054 


it 


by averaging the results of many indi- 
vidual density measurements from sam- 
ples collected periodically from a fixed 


sampling station. The value of the 
outcome of this approach depends 
rather critically upon the method of 


statistical analysis employed. Many 
of the averaging procedures that have 
been used are invalid and give incorrect 


and misleading results; other methods 


lead to numerical answers that are 
difficult to interpret in a meaningful 
way 


The purposes herein are the following : 


1. To show that the arithmetic mean 
density of a time series of coliform den- 
sity determinations is superior to other 
commonly used averages, such as the 
geometric mean and the median, as a 
of health 
with the pathogenic Enterobacteriaceac 


measure hazards associated 


To outline proper calculation pro- 
cedures for estimation of the arithmetic 
density 


mean These procedures are 


seemingly less direct than the common 


procedure for computing arithmetic 
mean, which will be shown to be in- 
applicable to the purpose at hand. It 
will also be demonstrated that the 


arithmetic mean usually is considerably 
larger than the median and the geo- 
metric mean 

3. To set forth the of 
design of coliform water quality-control 


principles 


standards applicable to treatment plant 
effluents and to streams; to indicate the 
requirements of a rational and workable 
set of coliform regulations 


tS 
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Methods of Estimating Coliform 
Density 


Various techniques are used in meas- 
uring the concentration of coliform 
bacteria. These may be classified as 
follows: 


|. Fermentation tube (pre- 
sumptive, co firmed, and com- 
pleted). 

a) Single dilution test (common in 
waterworks practice). 
Multi-dilution test (used in 
analysis of sewage treatment, 
polluted streams, shellfish, irri- 
gation water, bathing waters, 
and milk). 
Membrane filters (in 

mental stage). 

3. Direct plate-culture methods 


tests 


b 


to 


develop- 


A method of statistical analysis of 
the single dilution test 
scribed (2). 

At present, there are insufficient data 
relating to coliform recovery on mem- 


has been de- 


brane filters with media of various 
types and with a variety of waters 
upon which to base a satisfactory 


analysis. Some results of preliminary 
computations have been summarized 
(3). 

Various techniques for the culture of 
coliform bacteria on Petri dishes have 
been proposed. Depending upon the 
type of inhibitory media employed, 
these yield imperfect degrees of coli- 
form recovery and have not achieved 
the status of the standard procedures, 
Despite this failing, they 
inherent advantages of pre- 
cision and simplicity as to merit a 
definite place in the tool kit of the 
stream analyst. Further development 
of direct coliform plating techniques is 
needed. The mathematical treatment 
of plate count results is closely similar 
to that applicable to the membrane 
filter. 

The discussion presented herewith 
pertains to the multi-dilution test—a 
series of three or more decimal dilutions 
with 3, 5, ete., tubes in each dilution. 


however, 


POSSESS 
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The result of each test may be char- 
acterized by the most probable number 
(M.P.N.) (7). The following sections 
relate to the proper manipulation of the 
M.P.N.’s of a series of successive sam- 
ples from any fixed sampling point. 
Generally speaking, the mean coli- 
form density cannot be obtained by a 
simple arithmetic averaging of the 
M.P.N. values. Estimates based on 
such computations may grossly under- 
estimate the true density. There are 
(a) Some of the 
values are apt to be indeter- 


two reasons for this: 
M.P.N 
minate, as is the case when all tubes are 
positive or all are negative; and (b) the 
M.P.N. of the fermentation tube test 
is a biased estimator of the true density 
(7), and the amount of bias depends 
upon the number of tubes tested in 
each dilution. Consequently, a factor 
must be applied to correct for this bias 
Both of difficulties may be 
overcome by a procedure based on the 
plotting of the M.P.N 
probability paper. 


these 


values on log- 


The Log-Normal Frequency 
Distribution 


The temporal fluctuations bac- 
terial density in a polluted stream or 
treatment plant effluent due to vagaries 
in climate, runoff, and natural and 
plant purification processes may be 
described concisely with reference to 
the log-normal frequeney distribution 
(4).* 


0.434 

S(X) (2a) 

2m (log a,) X 

in which 
log? (X/m,) 

Z (2b) 

2 log? 
X = the temporary value of the 


bacterial density (that is, the 

density at a particular time) ; 

f(X) = the relative frequency of oc- 
currence of any X; 

m, = the geometric mean of X (in 

this distribution the geo- 


* Common logarithms are used throughout 
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metric mean and the median, evaluated by plotting the data on log- 


X50, are identical, or m, probability paper, which linearizes a 
X so); and graph of the integral of the right-hand 
the geometric standard de-  gide of 2a (Figure 1). The plotting 
lation (log a, is the stand- position of each M.P.N. on the prob- 
ard deviation of log X) ability scale may be calculated from ‘ 
¢ = base of Napierian logarithms. 


the formula 
Che parameters, m, and o,, of the log- 


normal distribution applicable to any p 100 2 (3 
eries of M.P.N. values may easily be N + 1 de : 
‘ + Values or - 
104 


‘settling tank / 
effluent 


Coliform Density per 100 al. 
| 


+ +4 4 
+ + + + + + + 
o 
PROBABILITY OF NOT EICEEDINO 


FIGURE |. —Log-probability plot (5) indicating coliform densities in effluents of the settling tank 
and chlorine contact tank, Traverse City, Mich., 1949. 


ug 

x 

+ + + + + + 
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where F is the percent probability 
that is, the plotting position for the 7th 
M.P.N. value, starting with the small- 
est); and N is the number of M.P.N.’s 
in the series, including indeterminate 
results. Thus, if there are 19 M.P.N. 
values in the series, the smallest (¢ = 1) 
would be plotted at 5 per cent, the 
second (7 = 2) at 10 per cent, ete.; the 
largest M.P.N. (4 = N) would be 
plotted at 95 per cent. Indeterminate 
results cannot be plotted, but their 
existence should be indicated, as in 
Figure 1. In the common method of 
computing the arithmetic mean, these 
tests are neglected or otherwise ap- 
proximated by the nearest determinant 
M.P.N. in the table. By either pro- 
cedure large errors are likely to be 
introduced, since indeterminant tests 
are apt to occur when the true density 
is extraordinarily high or low. With 
the use of log-probability paper, how- 
ever, account is taken of indeterminant 
results in the evaluation of the plotting 
positions of the determinant M.P.N.’s. 

From a straight line drawn through 
the plotted points, the median value 
(50 per cent quantile), m,, may be read 
directly from the graph. The 84 per 
cent quantile, Xg, also may be read. 
With these two quantiles the geometric 
standard deviation may be calculated 
by the relation = 

Finally, the arithmetic mean density, 
m, may be calculated from* 


m= (4) 


where C, a factor correcting for the 
bias of the M.P.N. as an estimator of the 
true density, depends on the number of 
tubes, n, used in each dilution and 
C = 805/n (5) 

The following are values of C for com- 
mon values of n: 

n 3 5 10 

0.764 O.851 0.922 
Values of o, for sewage plant effluent 
and stream coliform data range from 3 


* The derivation of Eq. 4 is presented in the 
Appendix. 
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TABLE I. Ratio of the Arithmetic Mean to the 
Median Density for Various Values of the 
Geometric Standard Deviation 


l 1.00 11 17.7 
2 1.27 12 21. 
1.83 13 26.8 
2.61 $2.5 
5 3.65 15 $0.1 
6 4.08 16 
7 6.65 17 55.5 
8.67 Is 65.1 
11.2 19 76.2 

10 14.2 20 SAN 


to 25. With large values of o, the 
arithmetic mean greatly exceeds the 
geometric mean or median. 

Table 1, computed from Eq. 4, indi- 
cates the relative sizes of the arithmetic 
mean and the median (or geometric 
mean). It may be used to speed caleu- 
lations involving Eq. 4. 

The data (5, Figure 9) plotted in 
Figure | indicate M.P.N.’s observed 
at the primary sewage treatment plant 
at Traverse City, Mich. Chlorine was 
dosed in the influent and effluent of the 
settling tank. Samples were taken of 
the effluent of the settling tank and the 
contact tank, From the probability 
plot and using Eqs. 4 and 5 with n = 3, 
the following results are calculated: 


Cleometric | Arithmetic 


(seometric 
Me | G : 
Effluent lean Renndard Mean 
colif Deviation (eolif 
100 ml.) | 100 ml) 
Settling tank 1,200 | 7.5 7.000 
Contact tank il 6 42 


It is evident from these values that 
entirely different conclusions will be 
reached as to the average density of 
the effluents and as to the additional 
kill in the contact tank, depending on 
whether the arithmetic mean or the 
geometric mean is used. In another 
series of tests (5, Figure 8), the geo- 
metric mean was 640 coliforms per 
100 ml.; using Eq. 4, it may be shown 
that the arithmetic mean was 39,000. 
Coliform frequency distributions are 


| 
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often markedly skewed, with extremely 


high densities appearing from time to 


time lhe arithmetic mean, unlike the 
geometric mean and the median, re- 
flects these high densities, which are 


important from the viewpoint of pos- 
sible health hazards. An insight into 
the inadequacy of the geometric mean 
and the median coliform densities may 
be had from consideration of the follow 
ing hypothetical example 

Kzample 1:—Tap samples from a dis 
tribution 
da The 


found to be 


tem are tested daily for seven 


coliform density for six days 


1.0 coliform per 100 ml 


On the seventh day, owing to back- 
siphonage from a ecross-connection, the 
density rises to 7,000 coliforms per 100 ml 

The median value (central item when 
the M.P.N.’s are arrayed in order of 


of the seven test results is 1.0 
t would remain 1.0 irrespective of what 


magnitude 


The geo 
x 7.000)! 3.04° It 
ilso does not reflect adequately the extent 


happened on the seventh day 


metric mean is (1° 


of the backsiphonage. The arithmetic 
mean 1+14 t+ 7,000)/7 1.001, 
is markedly influenced by the  cross- 
connection and, therefore, is a better 
indicator of the average safety of the 
upply. It alone is proportional to the 


total number of coliforms ingested during 
the period 


\ more rigorous explanation of the 
unique relation between the arithmetic 
mean coliform density and hazard from 
enteric pathogens may be obtained 
from a simple probability model 

Consider a water supply in which the 
typhosa:coliform ratio is constant (1 
and in which the coliform density fluc 
tuates from day to day in a more or less 
random manner but following seasonal 
trends. During any one day the prob- 
that a will 


typhoid is proportional to the coliform 


ability person contract 
density obtaining during that day and 
to the amount of water ingested 

Let p; be the probability of contract- 
ing typhoid on the ith day when the 
coliform from 
probability theory the following state- 


density is Then 


ments hold: 
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p, = the probability of surviving 
(that is, not contracting) the first 
day 


pol Pp the probability of 
surviving the second day 

| P2) | Pr) 
probability of surviving ¢t days 


the 


Therefore, the probability of contract- 
ing typhoid during t days, 


P=1—(1— (1 1 — px) (6) 


With modern sanitation standards the 
probability of contracting a gastro- 
intestinal disease from drinking water 
is extremely remote, and the p; are 
very numbers.* this 

iq. 6 may be written in the form 


small case, 


| | Pr) 
Pi + pot + . (Va) 
Or 
P = pt (7b) 


where p (1/t)(pi + po + ... + pe), 
the arithmetic mean probability during 
the time period. Since the p; are pro- 
portional to the u,; (coliform density), 


it follows that the hazard of typhoid is 


* According to Eq. 1, with a typhoid mor- 
bidity rate of 1 case per 10° persons per year, 
there would be one typhoid bacterium for every 
3.3 & 10° coliforms. With a | per cent infec- 


tivity rate, there would be 1 “case producing” 


typhoid organism in 3.3 X 10’ coliform. The 
probability, p, of a person ingesting one of 
these pathogens (and thereby contracting 


typhoid) in drinking 1 |. of water complying 
with the USPHS standard of 1 coliform per 100 
ml. would be (1/3.3 * 107)(1,000/100) = 3 
10°. 

As far as an individual is concerned, this is 
a negligibly small hazard; in drinking such 
water at the rate of 1 |. a day he could expect 
to survive | (365 K 3 X 1077) 9.100 vears 
before contracting typhoid. 

From the viewpoint of society, 
situation has a different In a nation 
of 200,000,000 persons, the use of such water 


however, the 


aspect 


would result in 3 365 * 3 10 
22,000 typhoid cases per year. When 
hazards from other waterborne enteric dis- 


eases are also taken into account, it is manifest 
that current coliform standards do not provide 
ibsolute protection. The aim of the sanitary 
engineer must be the continued development of 
waste disinfection and treatment methods that 
will make economically feasible the adoption 
of ever-more stringent coliform standards. 


3 
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proportional to the arithmetic mean 
coliform density during the period. 

The foregoing theory is perhaps over- 
simplified in that it does not take into 
account the possibility that larger 
pathogen:coliform ratios may occur 
during periods of high coliform density. 
In this event, an average, such as the 
quadratic mean that is even more sensi- 
tive to large densities than the arith- 
metic mean, would yield a valid meas- 
ure of health hazard. At least it may 
be said in this event that the arith- 
metic mean would continue to be a 
much more satisfactory parameter than 
the median or geometric mean as an 
index of the degree of safety. 

In view of the uncertainties involved 
and the paucity of reliable data per- 
taining to the occurrence of pathogens 
in waters of differing coliform density, 
it is not possible to place complete 
reliance on any single average. Addi- 
tional information relating to the dis- 
persion of coliform densities about the 
average is needed in order to design 
and operate treatment plants in 4 satis- 
factory manner. Such information is 
best provided by the geometric stand- 
ard deviation, o,, as obtained from log- 
probability graphs. 

Two raw waters having the same 
average density might be treated in 
two plants having the same general 
design. However, if the density fluc- 
tuations as measured by o, in one of 
the plants were considerably larger 
than in the other, that plant might 
require additional treatment units for 
intermittent, or standby, use in order 
to yield a satisfactory effluent. Cer- 
tainly the occurrence of wide fluctua- 
tions in bacterial density places a 
premium on vigilant operation 


Design of Coliform Standards 


A discussion of the principles of de- 
sign of rational coliform standards may 
be facilitated by reference to a partic- 
ular recent code tentatively adopted by 
the Ohio River Valley Water Sanitation 
Commission (6), as based on a com- 
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petent analysis of extensive coliform 
data from the Ohio River and its 
tributaries. The requirements apply 
to coliform density in the waters of the 
Ohio at the intake of water plants 
having pre- and/or post-chlorination 
and rapid sand filtration 
tial features relating to coliform density 
are as follows 


The essen- 


During any one month: 


(a) The arithmetic mean density, m, 
should not exceed 5,000 per LOO 
ml 

(b) The SO per cent quantile, 
should not exceed 5,000 per LOO 
ml.* 

(c) The 95 per cent quantile, Ny, 
should not exceed 20,000 per 100 
m|.* 


In a log-normal distribution any 
quantile, may be calculated from 
the median and the geometric standard 
deviation according to 


Xx m, 


where fy is the standardized normal 
variate as obtained from tables of the 
normal probability integral. For the 
SO per cent quantile, ty is 0.842; for the 
95 per cent quantile, 1.65. 

In view of the foregoing discussion, 
it is clear that the regnant requirement 
is the one (a) limiting the arithmetic 
mean density. For supplies meeting 
this requirement (m 5,000), various 
permissible values of the two quantiles 
that are compatible with the mean may 
be specified, depending upon the geo- 
metric standard deviation of the sup- 
ply, which in turn depends on clima- 
tological and hydrological factors prev- 
alent in the drainage system. Such 
calculations are facilitated by an equa- 
tion obtained by eliminating a, between 
Eqs. 4 and 8 and using the appropriate 


* Paraphrased requirementa (b) and (c) 
might read: ‘“M.P.N.’s of no more than 20 per 
cent of samples in any month may exceed 5,000 
per 100 ml., nor may more than 5 per cent of 
such samples exceed 20,000 per 100 ml.” 


; 

te 
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values of ty 


log = log Xgo4-0.293 + 0.747 


[log (m/¢ log Xgo+0.154 }'.. 
In Kq. 9, setting m 5,000 colif. per 
100 ml. and C 0.851, corresponding 


to 5 tubes in each dilution, the following 
pairs of values of the 80 per cent and 
95 per cent quantiles are found to be 
compatible with the requirement of an 


arithmetic mean density of 5,000 


2,100 44 
1,000 10,200 1s 
GOO 
21,000 6.4 
7,000 22,500 $.2 
58,500 16,200 2.0 


The compublation indicates 
able 
tiles compatible with a fixed mean den 
ity The Ohio 
predicated on geometric standard de 


an appreci 
variation in the permissible quan 


River standards are 


viation of about 6, which is a reasonable 
alue for a large regulated stream with 
many sources of pollution 

For smaller or unregulated streams 
particularly those having relatively few 
major sources of pollution, the Ohio 
fiver standards would not be satis- 
wider fluc- 
tuations in density may be expected to 


factory In such streams 


occur (large o,), and in order to main- 
tain an arithmetic mean coliform den 
sity of 5,000 colif. per 100 ml., consider- 
values of the 80 per cent 


ably howe! 
and 95 per cent quantiles may be indi 


cated In other water supplies, par- 
ticularly those with intakes in long- 
detention reservoirs and lakes, fairly 
uniform coliform densities may oecur 


lor such sources the Ohio River quan 


tile standards might be unnecessarily 
stringent 

Some coliform codes contain a stipu 
lation limiting the permissible density 
of any sample to a fixed maximum 
value. From the viewpoint of the 
probability theory of bacterial density 
fluctuations, this is a practice of du 
bious merit. The objectionable feature 


of a standard fixing the maximum per- 
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missible density is that compliance will 
depend not only upon the actual num- 
bers of coliforms present, but also 
upon the frequency of sampling. Un- 
like such statistical parameters as the 
arithmetic the maximum item 


in a random sample tends to increase 


mean, 


as the size of the sample is increased 
For example, in a supply just com- 
plying with the Ohio River 


(m 5,000 and a, (3), 


standards 
the expected 
is 19,000 
vhen 10 samples are tested during the 
reporting 100 
sumples are tested during the same 
period, the expected maximum M.P.N 
will be 106,000. Conversely, it follows 
that two supplies, 


alue of the largest 


period However, if 


both of which just 
meet a standard maximum permissible 
density, may different 
arithmetic , and there 
fore correspondingly different capacities 


have vastly 


mean densities 
for the transmission of waterborne dis- 
ease 

In general, the 
coliform 


most satisfactory 
specifying pri- 
marily the limiting arithmetic mean 
density. Quantile densities 


‘ 


code is one 
intended 
‘over-run”’ frequencies if 
should be carefully set to 
accord with the actual fluctuations in 
density in 


to control 
specified 
each source Since these 
fluctuations vary greatly in magnitude 
and frequency in different streams, and 
in the same from 


stream season to 


season, no universally valid limits exist 
for quantiles that are compatible with 
a given fixed arithmetic mean density, 
which by the 
It is important 


that codes be so worded as to require 


itself is indicative of 


safety of the supply 


the collection and analy sis of coliform 
that both the 
average density and the dispersion may 
be obtained 


data in such a form 


Compliance with a code specifying 


the arithmetic mean density would 


be judged by plotting the observed 
M.P.N.’s on log-probability paper and 
calculating the arithmetic mean density 
from Eq. 4. The computation is illus- 


trated by the following example: 


° 
| 
J 
| 
| 
| 
| 
| 
+ 
| Fs 
a 
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Example 2: From a log-probability plot 
of M.P.N. values of samples collected 
three times a week during the summer 
months from a bathing beach, the median 
density is found to be 210 coliforms per 
100 ml. and the geometric standard devia- 
tion is 6.5. The M.P.N.’s were based 
upon tests with 3 tubes in each dilution. 

Ascertain whether these results indicate 
compliance with a requirement that the 
mean density not exceed 1,000. 

According to Eq. 4 or Table I: 


m = (0.764) (210) (6.5)! 
921 coliforms per 100 mil. 


Therefore, compliance with the standard 
is indicated. 


Confidence Limits for the Arithmetic 
Mean Density 


In the administration of stream 
standards by regulatory agencies, judg- 
ment on questions of compliance with 
coliform codes, or on classification of 
streams is aided by a consideration of 
the reliability of the observed coliform 
results. The precision of the arith- 
metic mean density as computed from 
tests over an interval of time from a 
fixed sampling station depends pri- 
marily upon two factors: (a) the num- 
ber of samples tested, N; and (b) the 
magnitude and frequency of fluctua- 
tions in coliform density. Precision is 
enhanced as the number of tests is 
increased; it is affected adversely if 
large temporal variations occur in the 
numbers of coliform bacteria. 

It is true that the precision attained 
depends in part upon the skill used in 
fitting lines to data plotted on prob- 
ability paper. However, it has been 
found that with reasonable care graph- 
ical errors are relatively unimportant 
In ascertaining the sensitivity and re- 
producibility of the graphical method 
described in this paper, several prob- 
ability plots were prepared with normal 
random sampling numbers simulating 
actual test series of various sizes and 
types. These were analyzed inde- 
pendently by 18 persons who drew 
straight lines fitting the points and then 
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computed arithmetic means using hq. 
1. The means were also calculated 
from the original data by the method 
of moments according to the usual 
statistical procedures. The two sets of 
means were found to have nearly the 
same amount of dispersion (sampling 
error) about the true mean, and indi- 
cated that the graphical method was 
almost as precise as the analytical 
method of moments. 

An estimate of the reliability of an 
arithmetic mean density computed 
from a log-probability plot of coliform 
data may be obtained from Figure 2, 
which gives 50 per cent confidence 
limits for the true (population) mean 
density depending upon the observed 
mean and geometric standard devia- 
tion, and the number of fermentation 
tube tests, including those with in- 
determinate results. Figure 2 has been 
prepared using standard statistical pro- 
cedures for the estimation of population 
parameters from sample parameters as 
calculated by the method of moments 


Example 8:——Caleulate 50 per cent con- 
fidence limits for the true arithmetic mean 
density for the bathing water of Example 
2. The computed mean from 39 samples 
taken during the bathing season was 92] 
per 100 ml 

From Figure 2, the ratio of the upper 
confidence limit to the observed mean 
for N= 39 and o, = 6.5 is read as 
1.40. Thus the upper confidence limit is 
921 « 1.40 1,290 per 100 ml. The 
lower confidence limit is 921 + 1.40 657 
per 100 ml. The statement that the true 
mean density lies between 657 and 1,290 
has a 50 per cent likelihood; that is, 50 
per cent of statements of this type will be 
correct 


Calculations such as in this example 
indicate that sampling errors in coli- 
form tests are apt to be large. There- 
fore, administrative action should be 
withheld until sufficient data are accu- 
mulated to insure that control measures 
have an equitable basis uninfluenced by 
possible eccentricities of the coliform 
density measurements. 

Confidence limits calculated from 
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FIGURE 2.--Fifty per cent confidence limits for the true arithmetic mean coliform density. 


past observations are useful in assessing 
the significance of trends in coliform 
density and in planning future monitor 
ing programs and stream surveys 


Conclusions 


|. The arithmetic mean coliform den- 
ity of polluted waters as calculated 
from a series of M.P.N. values from 


multi-dilution fermentation tube tests 
is & more valid measure of the hazard 
from enteric pathogens than other aver- 
ages such as the geometric mean and 
the median 

2. In order properly to take into 
account indeterminant fermentation 
tube test results and to allow for the 
bias of the M.P.N. as an estimator of 


¢ 
ant 
» 
S00 
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the coliform density, the observed 
M.P.N.’s should be plotted on log- 
probability paper and the arithmetic 
mean density calculated from an anal- 
ysis of the plot (Eq. 4). A useful 
additional parameter, the geometric 
standard deviation, may also be ob- 
tained from the log-probability plot; it 
reflects the magnitude of density flue- 


ANALYSIS OF COLIFORM DATA 


221 


tuations, thereby providing informa- 
tion of value in the design and operation 
of treatment plants. 

3. The principles discussed indicate 
that regulatory coliform codes may be 
improved and simplified by placing 
primary emphasis on stipulations limit- 
ing the arithmetic mean density. 
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APPENDIX. DERIVATION OF FORMULATION 
FOR THE ARITHMETIC MEAN DENSITY 


The initial (a priori) frequency dis- 
tribution of the true temporal coliform 
density, u, is assumed to have a log- 
normal form,* 


f(u) | (10a) 
2m (log ogu)u 


in which 
log? (u/m,) 
y 10b) 
2 log? oo. 
and m, and o,, denote the geometric 
mean and the geometric standard de- 
viation, respectively. 

With the fermentation tube test it is 
not possible to measure the true density 
directly; instead, an estimate of this 
variate is given by the M.P.N. (Y- 
the test results. The esti- 
mated value generally differs from the 
true value because of the imprecision 
of the fermentation tube test and of the 
bias of the maximum likelihood esti- 
mator. 


value) of 


* Napierian logarithms are used in the theo- 
retical development. 


Various workers (7) have shown that 
the M.P.N.’s of replicate tests made on 
water having a fixed bacterial density, 
u, are distributed about the mean den- 
sity approximately in accordance with 
a log-normal frequency curve. 


l 
fe”. . (11a) 
V 29 (1.277/n)X 


and in which 


n log? (X /u) 


- 
2(1.27)" 


and n is the number of replicate tubes 
in each dilution of the fermentation 
tube test. 

In a series of tests on samples col- 
lected periodically at a given station, 
the distribution of M.P.N. 
values as a result of sampling fluctua- 
tions will exhibit a greater dispersion 
than that of the true frequency curve 
(Iq. 10). The equation applicable to 
the observed distribution may be ob- 
tained by integrating out the variable 


observed 


— 
rig 
| 
3 
ian 
“| 
7 


and X, 


= S(X/u) f(u) du 


| 
\ 2a (log a,)X 
where Z is given by Eq. 2b, and 


and U 


el 
Ty 


(log? + 1.277/n 
deviation of 
It may be 


the obsery ed 


standard 
the observed distribution. 
that 
like the true distribution 


the geometric 


noted from Eq. 2¢ 
distribution 
Iq. 10), has a log-normal form, and 
moreover, both distributions have the 
However, the 


same geometric mean, 


observed distribution has a larger geo 


metric standard deviation (¢, > 


Citing the many millions of dollars spent 


by his own company, by the 
luster by | Steel and 
R, Chalker, of the 
ision, E. I. du 


petroleum in 
William 

Engineering Service Di 
Pont de 


others, 


Nemours & Co 


recently stated that ‘‘industry has taken 
long strides forward in curtailing its air 
pollution 


convention of the American 
Society of Civil Engineers, he 
As of 1953, the 


petroleum industry had 


Addressing a 
said: 

expenditures of the 
reached $14,000,000 
control facilities in the Los 
Angeles area alone, The United States Stee! 
Company back that 


for air pollution 


announced some time 


pollution abatement facilities for its new 
Fairless Works would cost $8,000,000, The 
du Pont Company has spent or authorized 
some $14,000,000 on air pollution reduction 
facilities alone not to mention an addi 
tional $21,000,000 on liquid waste control 


These ure in pressive would he 


what the present outlay 


figures It 
intriguing to know 
for air facilities is in 


pollution abatement 


our countr It must be enormous 
‘*In addition to its own research, industry 


is supporting investigations made by private 
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Finally, the arithmetic mean of the 
true distribution may be obtained from 
the first moment of the frequency curve 
of Iq. 10, expressing the parameter ¢,, 
in terms of a, and n 


4 
m f uf(u) du e! 


in which 7 
Further, 


log m, + (1/2) log*® oyu 


T log m, + 1/2(log* «, 1 .277/n) 
m e®m,a,°°* 70 
in which R 0.5(1.277/n)) 


where, as in Iq. 4, the factor 


0. 


corrects for the bias and dispersion of 


the M.P.N 


values 


research 


universities. 


organizations and by 


Through trade organizations such as the 


Manufacturing Chemists’ Association and the 
American 


Petroleum Institute, industry has 


been pooling the results of its experience 


and knowledge of air pollution and its abate 
ment. 

‘It should be 
abatement 


that their 


that some of 
difficult and 

Industry, 
is of the opinion that it can solve 


recognized 
these problems are 
solution will be slow 
however 
its “aur 


pollution problems in the 


orderly manner that has led it to erack many 


same 


of its other diffieult technical problems. 
‘*Industry, aware of its share of air pol 
lution, is spending large sums of money on 


facilities to eatch its dusts and control its 
gaseous wastes. In the earlier days of air 
pollution, problems were solved as they were 
until 
complaints were received from the neighbors 


recognized, which was frequently not 


Today, the rule is for a more positive ap 
proach to air pollution abatement. The du 
Pont 


lem and has 


management has recognized the prob 


provided “a place for its con 


sideration in all stages from site selection 


to final plant operation,’’ 


- 

2c 

2 
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THE OPERATOR’S CORNER 


Conpucrep BY DonaLp P. ScHIesswoHL 


OPERATOR STATUS 


Of current interest to all who are 
concerned with sewage treatment plant 
operation and the status of the operator 
is the resolution adopted at the Op 
erators’ Forum in Cincinnati, October 
14, 1954. Half of the forum was de- 
voted to salary schedules and 
classification. From this discussion 
came the following resolution : 


job 


That the Executive Secretary of the Fed 
eration be authorized by the Board of Con 
trol to send a letter to all Member Associa- 
tions recommending and urging them to 
start an educational campaign in_ their 
areas to acquaint the publie and public 
officials with the importance of securing 
and retaining competent personnel in waste 
treatment plants. 


The emphasis of this resolution is 
on an educational program directed at 
the public and public officials by the 
Member Associations. 
tention 
having 


sewage 


By bringing at 
to bear on the importance of 
competent personnel at our 
treatment plants, salaries will 
benefited and the professional 
standing of the operator raised to its 
rightful status. 

The Board of Control approved the 
resolution in principle. This action is 
in keeping with earlier Board phi- 
losophy on salaries which resulted in 
the salary survey by Boyce and Wisely 
(see THis JourNaAL, 25, 1, 110; Jan., 
1953). It is further proposed that the 
headquarters office of the Federation 
encourage the use of its facilities as a 
clearing house for 
erator recognition. 


be 


programs On Op- 


Salary surveys have been made by 


several of the Member Associations 
THis Journat, 23, 7, 919; July 1951; 


223 


and 25, 8, 978; Aug., 1953), but their 
benefit has not been evidenced. Ef 
forts need to be made to bring the 
salary status and the value of compe 
tent personnel to the attention of those 
who are in a position to take appropri 
ate action—the city officials. 

Member Associations can perform a 
real service to the entire membership 
by establishing a committee that will 
promote, through state and local pub 
lications (municipal officials’ maga 
zines, newspapers, and other public 
media) a program to bring attention 
to the public investment in sewers and 
sewage treatment facilities, particular 
attention being called to the service 
that these facilities render the public 
welfare, the skill necessary in their op 
eration, and information about the op 
erating personnel. The importance of 
the job should be stressed; service is 
the key word 

The operator's part in the program 
is very important. It is necessary that 
all supervisory personnel start now, if 
they have not already done so, to 
acquaint all employees with the im 
portance of their job and the plant to 
the community. Service to the com 
munity must be emphasized and each 
plant must be operated as efficiently 
as possible. It must be realized that 
the only real way for operating per 
sonnel to their to 
prove their worth. 

The program of local publicity 
envisioned at the Operator’s Forum 
would benefit the community and 
everyone interested in adequate sew 
age treatment administered by compe 
tent personnel. With full cooperation 
the desired results will be achieved. 


improve status 1s 


3 4 
? 


te 


Editor’s Note—Mr. Copeland ’s compact 


analysis of digester operation is based 
on the articles appearing in the April 
1954 issue of THis JouRNAL, and ma 
terial obtained direetly from the au 
thors lant operators, and engineers 


tat 


ites It emphasizes some | 


al 
of the highli 


in several s 
thts of recent develop 


ments in sludge digestion practice 


Control of seum and digestion of 
sludge in covered tanks involve many 
complex problems. Among the factors 
the following three are of especial im 
portance 


1. The biological, chemical, and 
physical agencies, upon which the proce 
esses depend, must be distributed at all 
times throughout the digesting ma 
terials 

2. The digesting sludge must be kept 
in constant agitation 

3. To treat the maximum volume of 
sludge the layer of scum must be re 
duced to a thickness of not more than 
2 ft., and the tank must be kept free 
from deposits of grit and layers of cold 
dense undigested matter. 


Experiments have shown that, un 
der such favorable conditions, sludge 
can be digested in a single tank in 10 
to 15 days, instead of requiring three 
or four tanks and periods of 4 to 6 
weeks, as has been common practice 


Scum Control 


At Washington, D. C., the seum is 
controlled by foreing digester gas into 
the sludge. The gas is injected about 
10 ft. below the liquid level, at a rat 
of 300 eu. ft. per minute, through open 
pipes. The large gas bubbles disint: 
grate the scum, allowing moisture to 
penetrate and saturate the material 

At the Bowery Bay facilities in New 
York City, part of the digester con 
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tents is mixed with the raw sludge 
and pumped into the digester below 
the scum layer. This, combined with 
the action of internal stirring devices, 
disintegrates the scum, and the entire 
mass of digesting material is agitated. 

At Columbus, Ohio, and at Oklahoma 
City, Okla., the scum is controlled by 
forcing digester gas into the liquid 
through diffusers located near the bot 
toms of the tanks. The plant opera 
tors lay particular emphasis on the 
neqessity for determining, by prelimi 
nary full-scale tests, the rate of gas 
application needed to maintain diffu 
sion throughout the tank 

At other plants this system has not 
been so successful, due apparently to 
need for additional compressor ca 
pacity 


Scum Control by Mechanical Stirrers 

Mechanical stirrers of several types 
have been installed in many plants. It 
has been reported from New York 
State, where there are a dozen or more 
plants equipped with mechanical stir 
rers, that in no instance has scum 
formation been a problem 

At Syracuse, N. Y., screenings, skim- 
mings from the primary settling ba- 
sins, paper towels, etc., formerly were 
dumped into the sludge digestion 
tanks. Scum layers 5 ft. thick formed, 
causing considerable trouble and ex 
pense for removal. After installing an 
incinerator and burning these ma 
terials, the scum problem disappeared 
The incinerator has provided for sim 
pler operation plus a saving of di 
gester capacity valued at many thou 
sands of dollars. 

There are installations of mechani 
eal stirrers at about six plants in Con- 
necticut, and all but one are working 
effectively. Rules and _ regulations 
adopted by the Connecticut State 
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Board of Health require that the raw 
sewage entering plants shall pass 
through grit chambers and screens. At 
one city, where the raw sewage con- 
tains much fur, several feet of scum 
collected annually in the digesters. The 
problem was corrected when fine 
screens were installed to remove the 
fur. 

Engineers and plant operators in 
Kansas, Illinois, Michigan, Ohio, and 
Pennsylvania indicate that, where sew- 
age is of a strictly domestic nature, 
mechanical stirrers are efficient in 
breaking up scum. But where the raw 
sewage contains much grease and ma- 
terial that requires several weeks to 
digest, mechanical stirrers often are not 
efficient. 


Accelerated and High-Rate Sludge 
Digestion in Covered Tanks 


Many of the most important factors 
in accelerated and high-rate sludge di- 
gestion have been described by Fuhr- 
man (4), Torpey (1), Blodgett (5) 
and others in the April 1954 issue of 
Tuts JourNAL. Table I was prepared 
from data presented by Torpey (1) 
and from material furnished by Blod- 
gett (2). 


TABLE I.-—-High-Rate Sludge Digestion 


Plant 
Determination | 
Bay, bus 
Ohiot 
Thickened sludge to di- 
gester: 
Volatile acids (p.p.m.) 1,820 - 
Alkalinity (p.p.m.) | 1,110 1,800 
Solids, dry (%) 6.0 6.5 
Volatile matter (%) 719 59.7 
pH 5.7 6.5 
Pumped (eu. ft.) 12,100 | 7,400 
Digester Liquor: 
Volatile acids (p.p.m.) 360 | 300 
Alkalinity (p.p.m.) | 4,400 2,500 
Digested sludge: | 
Solids, dry (%) | 3A 1.6 
Volatile matter (%) 57.9 50.2 
Temperature (°F.) 93 OW 


' Reference (1) 
? Reference (2) 


Torpey (1) states that it is impera- 
tive to reduce the volume of sludge to 
a minimum as it enters the digester, 
and advises that small doses should be 
added every hour or two, rather than 
large doses once or twice a day. He 
suggests, however, that the sludge in 
the digester should be diluted. 

The objectives are to secure a maxi- 
mum amount of space for sludge di- 
gestion, and to get rid of the super- 
natant liquor that otherwise must be 
drawn from the digested sludge. 


Dry Solids 


Comparing the values for dry solids 
given in Table | for the raw and di 
gested sludges indicates that the raw 
sludge entering the tank should con- 
tain not more than 94 per cent water, 
and the digesting solids in the tank 
should contain at least 96 per cent 
water. 


Volatile Acids 


Volatile acids serve as a check on 
the process of sludge digestion. <A 
study of Table I reveals that when 
sludge digestion is progressing favor- 
ably the volatile acids will run about 
300 p.p.m., but when sludge digestion 
is not progressing favorably the vola- 
tile acids start to build up. 

Some sewage plant operators have 
found that it is desirable to add hy- 
drated lime to neutralize these volatile 
acids. In doing so it is essential to 
have the lime mixed thoroughly with 
all parts of the digesting material. 
Other operators have not found that 
it is desirable to add lime. An answer 
may be that the composition of the 
raw sludge is the controlling factor 
However, experimentation is presum- 
ably a good policy. 


Alkalinity 


The alkalinity of the digesting 
sludge, is another helpful guide to di 
gester operation. 

Experience at Bowery Bay, Colum 
bus, and many other sewage treatment 
plants has shown that, whereas the 
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raw sludge generally contains from 
1,000 to 2,000 p.p.m. of alkalinity, 
well-digested sludge contains from 
2,900 to 4,000 p.p.m. Consequently, 
if the alkalinity starts to fall below 
2,500 p.p.m. it indicates that the nor 
mal biological processes of digestion 
are slowing down and so the feed of 
raw sludge should be reduced. An 
interesting discussion of this problem 
has been presented by Sawyer et al. 


y’ | 


pH 


Table | shows that the pH values 
for the raw sludges were 5.7 and 6.5, 
respectively ; for the digested sludges, 
7.1 and 7.2, respectively. Therefore, 
if the pH of the digesting sludge falls 
below 7.0 it may serve as a warning 
that the digester needs a rest 


Temperature 


Temperatures of from 90° to 100° 
lk. have been found to be favorable 
for high-rate sludge digestion. Ru 
dolfs (6) and others have experimented 
with temperatures as high as 130° F 
They report that these high tempera 
tures favor sludge digestion But 
many plant operators, especially those 
with digesters 80 to 100 ft. in diameter 
and equipped with hot-water coils on 
the walls, have had considerable diffi 
culty in maintaining temperatures 
even up to 85° F 

Therefore, to maintain high tem 
peratures at uniform rates, large 
diameter digesters should be equipped 
with facilities for pumping heated 
sludge into the tank at several points 
coupled with mechanical stirring de 
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vices and perhaps coils of hot-water 
pipe suspended from the roof. At 
Columbus, Ohio, and some other plants, 
where facilities for maintaining tem- 
peratures of 90° F. are available, 
pumping the digester gas through dif- 
fusers into the sludge at several points 
maintains temperatures above 90° F. 


Biological Factors 


Sawyer et al. (3) state, ‘‘It is well 
recognized that satisfactory digestion 
of organic matter under anaerobic 
conditions depends upon having two 
totally different groups of bacteria liv 
ing harmoniously in the same environ 
ment.’’ Some groups produce carbonic 
and organie acids; others, sensitive to 
pH changes, produce methane 

Values given in Table I indicate that 
a pH of 7.1 is favorable. Where the 
composition and physical conditions of 
the digesting sludge are favorable, 
the biological agents produce many 
thousand cubie feet of gas per day; 
but when the biological and physical 
factors are not favorable the volume 
of gas produced falls off In some 
cases the volume has dropped from 
40,000 to less than 10,000 cu. ft. per 
day. After the biological balance has 
once been upset it takes weeks before 
the balance becomes re-established. 

Plant operators have found that af- 
ter sludge digestion has stopped it is 
necessary to cut down the feed of the 
raw sludge to small doses added at 
intervals of several days. This checks 
the growth of the organisms that pro- 
duce acid and permits the slow-grow 
ing methane-producing bacteria to be 
come re-established 


$. Fuhrman, R. E., ‘‘Seum Control in Sludge 
Digestion.’’ THis JouRNAL, 26, 4, 
453 (Apr., 1954). 

5. Morgan, P. F., ‘‘Studies of Accelerated 
Digestion of Sewage Sludge.’’ THis 
JOURNAL, 26, 4, 462 (Apr., 1954). 

6. Rudolfs, W., and Miles, H. J., ‘‘ High and 
Low Temperature Experiments. I. Op 
eration and Seeding.’’ Sewage Works 

Jour., a 3, 422 (May, 1935 


‘ st 

i 

I 

: 1 

‘ 

; 

; 

si 

t 


Vol. 27, No. 2 FLORIDA OPERATORS’ HONORS TV STAR 


FLORIDA OPERATORS’ ASSOCIATION HONORS 
TV STAR 


Art Carney, well-known TV comedian capture some of the seriousness of the 
and singer of the ‘‘Song of the Sew- 
ers’’ on the Jackie Gleason television 
show, recently was presented with an 
Honorary Life Membership in the 
Florida Water and Sewage Works Op- Protect the nation’s health. The pres- 
erators’ Association. KEndeavoring to entation was as follows: 


work of operating personnel, attention 
was called to the contributions that are 
made by the operating profession to 


Mr. Art Carney 

c/o “Jackie Gleason Show” 
C.B.8. Television Network 
R.C.A. Building 

New York, N. Y. 


Dear Mr. Carney: 


For months many Florida water and sewage treatment plant op 
erators have enjoyed your Saturday night performances on the “Jackie 
Gleason Show.” They have always laughed with you when you re 
ferred to your “other job in the sewers.” 


During the 1954 Annual Business Meeting of the Florida Water 
and Sewage Works Operators Association, held at the University of 
Florida in Gainesville, it was unanimously passed that you be granted 
an Honorary Life Membership in our organization. Consequently, you 
are being mailed under separate cover your Honorary Certificate of 
Membership along with a copy of the Association Constitution and 
By-Laws. You might be interested to learn our association has a total 
membership of nearly 500 members, made up of operators, chemists, 
engineers, and sales representatives. 


Realizing a true comedian also possesses a serious side we know you 
understand and appreciate the contributions of a profession, such as 
ours, to society. Among these contributions are the services which help 
protect the nation’s health, comfort, and property by adequately treat 
ing the country’s wastes and also the production of a safe water for 
myriads of uses in the home and industry. 


We would be honored by your acceptance of this Honorary Life 
Certificate. 
Very truly yours, 
Florida Water & Sewage 
Works Operators Association 
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Aurora, Illinois 


By Water A. Sperry, Superintendent 


one of 


call from the office of 
better housing projects 
complained of clogged sewers. Investi 
gation that the sewers and 
house laterals were filled with pulped 
food, egg shells and coffee grounds. It 


our 


revealed 


came out of the house laterals in a 
solid ‘‘sausage.’’ The stuff was piled 
up in the shallow manholes and was 


The trouble 
was due to insufficient flushing after 
using the garbage grinders. It proved 
to be an expensive job of flushing and 
cleaning for about three days. The 
folks in this area were economizing too 
much with their private water sup 
plies. This trouble had never occurred 
elsewhere in the city. <A carefully 
worded letter of advice and instruction 


best shoveled into trucks. 


was sent to every home in this area 
and, so far, we have had no more 
trouble. 

May 7--We were both honored and 


delighted to have as an all-day guest 


Mr. ©. B. Townend, Chief Engineer of 
the Mogden (England) plant We 


talked shop, visited several up-river 


plants, and were privileged to have him 


home for dinner. He commented on 
and took pictures of our wooden 
houses and open yards. Supposedly 
there is little wood in England and 


all yards are either hedged or fenced— 
each man in his own stronghold. Com 
menting on whether we preferred wa 
ter or sewage work, and learning that 
we enjoyed work better, he 
said that in England they quip that 
the like their work the 
better ‘‘ because there is so much more 
in it, 
May 15—Late this afternoon a tor 
nado ripped a diagonal swath through 
Aurora, doing much damage. At least 
25 large trees on the plant grounds 
A skylight and 


sewage 
sewapre 


men 


were torn to pleces 


the roof on the main building group 
were damaged and the skylight on the 
fcreen house was destroyed. The build- 
ing damage alone totaled $1,396, all 
covered by insurance. Our good neigh- 
bor, the Park Board, loaned us a crew 
of men to operate two of their power 
saws to help clear the trees—a two- or 
three-week job. We later loaned them 
our road patrol grader. Reciprocal 
help is the American way and pays 
good dividends. 

May 27—<A neighboring farmer with 
a tomato planting contract was caught 
with a short water supply. We loaned 
him our 2-in. portable pump and he 
used our filter effluent in his planting 
machine. Subsequent frost forced a 
second planting, and later a third par- 
tial planting. We made no charge. 
He hauls away our accumulating 
sludge when time permits. Then one 
Sunday afternoon he called at the 
house with a ‘‘thank you’’ present of 
two fine roasts of beef from his freezer. 
June 10—This summer it has been 
necessary to increase our pumping ¢a- 
pacity to the trickling filters to elimi- 
nate a portion of our total flow from 
going to the river with only primary 
treatment. <A float controlled, motor- 
driven, 6-m.g.d. pump was put in serv- 
ice for the first time. This pump 
automatically cuts in for a 3-min, run 
out of about every 10 min. during the 
daytime flow. Then trouble developed 
with the 16-in. swing check valve. It 
slammed so hard that the adjacent lead 
joints began to leak. A new weighted- 
type swing check valve would cost about 
$700 and would be difficult to install. 
Examination of the valve revealed that 
the hinge bolt was secured by caps on 
its ends, placed on the outside of the 
valve body. A new hinge bolt was 
obtained some inches longer, so that it 
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protruded beyond the valve body on 
one side. The chief operator dreamed 
up a clever stuffing box made from a 
nipple, a reducing coupling, and a 
bushing. The packing in the coupling 
was secured by the bushing. A 30-in. 
lever was attached and a 22-lb. sliding 
weight applied. The device works. It 
still slams, but not enough to effect the 
lead joints. 

June 15—Another problem is posed 
by the 6-m.g.d. pump: How much of 
the flow does it pump!’ The wet well 
has a constant inflow and two with- 
drawals—a steady withdrawal by the 
gas-engine pump and an intermittent 
withdrawal by the motor-driven pump. 
After some timing and some fancy 
mathematics, we figured that the 6- 
mg.d. pump was pumping at a 3,600- 
g.p.m. rate. It then became necessary 
to know how many minutes it operated 
each day and also how many times 
it cut in per day. A counter was at- 
tached to the cable of the float control. 
After much study and the suggestion 
of our electrical man, an ordinary mo- 
tor operating magnetic switch was 
bought. One side of this was con- 
nected into the switch on the float 
control. The other side of the mag- 
netic switch was wired into the cireuit 
of a Telechron-type electric clock. This 
type of clock, after current inter- 
uption, starts running again when the 
current is restored. Thus the clock 
runs exactly as the pump operates. 
Each morning at ‘‘reading time’’ the 
clock is reset at 12 o’clock. If the 
next morning the clock reads 3 o’clock, 
the pump ran for 180 min. on the pre- 
ceding day and the counter tells us the 
number of runs per day. 

June 20—Our engine cireulating-wa- 
ter system began to act strangely to- 
day; the expansion tank began filling 
up and running over. Finally and 
reluctantly we decided that the cause 
could only be from a leak in the 
copper coils in the water-to-water heat 
exchanger. After some argument the 
matter was proved by applying com- 
pressed air to the interior of the coils. 
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Air immediately appeared at an air 
release petcock on the barrel of the 
exchanger. A new set of coils was 
ordered immediately. After removal, 
the old coils looked sound enough. To 
make sure, a plate and a gasket were 
applied for a water test. Water 
squirted from several holes in the in- 
terior coils. No visual inspection 
could have detected them. Our ex- 
pense was justified; after all, the coils 
had served for 1314 years. 

June 25—Operating a sewage treat- 
ment plant constitutes a continuous 
school of instruction. The  babbitt 
failed in the eccentric ring of the 
plunger-type sludge pump at the sec- 
ondary settling tanks. It was then that 
we learned that this ring could not be 
babbitted locally and an entirely new 
connecting rod assembly had to be 
ordered. The defective one was re- 
turned to the factory for repair and 
to become a spare. Thus a shutdown 
period on this tank will be avoided 
sometime in the future. 

July 10—-Today we acquired a Taylor- 
type syndet and phosphorus slide com- 
parator. Synthetic detergents are here 
to stay, and possibly to dog us. Dur- 
ing dry-weather flows, daily samples 
collected at 2 PM are composited for a 
week and then tested. Syndets, as 
sodium laurel sulfate, tend to run to 
3 p.p.m.; total phosphorus to 9 to 10 
p.p.m.; and ortho-phosphorus to 8 to 
9 p.p.m. It may be that phosphorus 
tests might be the more indicative of 
the amount of syndets present since 
these compounds are usually fortified 
with phosphorus salts. Previous tests 
show that the phosphorus content of 
the digested sludge is two to three times 
the phosphorus content of pre-syndet 


sludges. There is phosphorus in the 
city water supply. 
August 1--Carrol Sanders, day op- 


erator and past 65 years of age, re- 
signed today after more than 9 years 
of faithful conscientious service and 
attention to his duties. He had slipped 
and hurt his hip while cleaning an 
obstruction from a sludge pump. He 
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was permanently incapacitated and 
will receive accident insurance com 
pensation. He is our first pensioner; 
twice before this, the [Illinois Retire 
ment Fund has paid death benefits 
to survivors of plant personnel. 
September 7-—l'inished laying a new 
power cable today to replace an old 
cable damayed by lightning, splices, 
and deterioration. This brings utility 
power back into the plant to power 
the motor on our spare 6 
m.g.d. pump. The new cable was pro 
tected by three sets of lightning ar 
resters, one on either side of the power 
company’s transformers and one on the 
plant end of the cable. This was ree 
ommended as the better practice. We 
are told that it is definite insurance 
against lightning damage: the old cable 
had only one set of lightning arresters, 
on the outside transformers. The old 
cable was pulled out of the ground 
in sections by the plant tractors. Th 
insulation was burned off and the cop 
per and lead sold 

September 15-- We learned today that 
two of our men had scooped some 5 
gal. of fishing worms from the effluent 
channels of the filters, driven over into 
Indiana, and sold them for $5 per 
gallon to a fishing bait store. Seems 
like a lot of effort and gas for $25 
but if they can turn an honest penny 
that way they are welcome There 
are, at times, bushels of worms avail 
able. Another group of men from a 
nearby village are also getting worms 
for planting in earth plots. The worm 
casts are collected and mixed with soil 
and sold by the package for potting 
plants. 

September 24 —During 1937, Henry 
J. N. Hodgson, Chief Sanitary Engi 
neer for the State of South Australia, 
Australia, spent a day at Aurora. To 
day we again had the stimulating 
pleasure of his company. 

October 10 and 11—-The heaviest rain 
in 65 years fell on Aurora between 10 
pM Saturday and 10 pm Sunday for a 
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total of 10.4 in. In 24 years of plant 
weather records there have been only 
five days when the 24-hr. rain was be- 
tween 3 and 4 in 

The river rose about 6 ft., which is 
1.5 ft. higher than any previous record. 
The flow averaged 11,000 e¢.f.s., com- 
pared with a normal discharge of 990 
c.f.s. The water was waist deep on the 
road at the secondary settling tank. 
It was over a foot deep in the screen 
house and elarifier control building 
The deeper pump room was saved from 
flooding by the narrow margin of \% 
in. To top it off, the superintendent 
was in Cincinnati, attending the Fed- 
eration convention 

Thanks to a loyal, faithful and con- 
scientious crew, the right things were 
done at the right time. The only plant 
damage was the shorting of motor cir 
cuits in the elarifier control building. 
Approximately $18,000 damage was 
done to our Indian Creek interceptor : 
90 ft. of 21-in. sewer was destroyed, 
another 10 ft. was ripped out, and some 
230 ft. was undermined. The last sec 
tion will have to be encased and an 
other 300 ft. uncovered and encased. 

Rains such as this one emphasize the 
fact that once in 100 years the extreme, 
weatherwise, can be expected 
October 15—-Today we had the main- 
tenance man check on the reserve sup- 
ply of shear pins for the various pieces 
of equipment. After the flood of a 
few days ago there is no telling what 
material may have found its way into 
the sewers and might unexpectedly 
turn up in our clarifiers, foul a pump, 
or get into the comminutor. Shear 
pins are designed for the protection of 
the equipment, and there is a particu- 
lar pin recommended by the manufac- 
turer for each piece of machinery. 
We don’t replace blown house fuses 
with a penny or anything handy, ae 
cordingly the right size and strength 
pin is used, not a bolt, nail or piece 
of rod 
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CALIFORNIA SAFETY COMMITTEE * 


A safety committee has been ap- 
pointed by the San Francisco Bay See- 
tion of the California Sewage and In- 
dustrial Wastes Association to make 
available to the membership informa- 
tion on hazards which may be found, 
and safety techniques to be practiced 
at sewage treatment plants. First com 
mittee releases are ‘‘ Manhole and Low- 
Level Safety’’ and ‘‘Breathing Appa 
ratus Safety.’’ 


Manhole and Low-Level Safety 


Manholes low-level structures, 
found at all sewage treatment plants, 
present the common hazard to 
operating personnel, 


and 
most 


Before entering any low-level struc 
ture the atmosphere should be tested 
for both oxygen and ex 
plosiveness The presence of either 
condition requires complete ventilation 
before entering. 


deficiency 


In the case of oxygen deficiency only, 
when ventilation is not possible, a self- 
contained breathing apparatus must be 
used. Oxygen deficiency in sewage 
treatment plant structures can be 
caused by many different conditions. 
More deaths due to the lack of 
oxygen in low levels than from: any 
other type of hazard. Most of these 
accidents and deaths are the result of 


are 


inadequate testing equipment, improper 
ventilation, and poor judgment. 

The following safeguards should be 
practiced when working in low-level 
structures : 

Work in 


Safequards for Low-Level 


Structures 


1. Always test the atmosphere for 
both defi- 
clency 

2. 


explosiveness and oxygen 


Properly ventilate the 


while working. 


structure 


* Quarterly Newsletter, California Sewage 
and Industrial Wastes Association, Sept., 
1945. 


3. Use a safety harness on the man 
working in low-level areas. Every 
safety harness should be kept in good 
condition. Old or unsafe harness 
should be destroyed—your own life 
may depend upon it. At least two men 
should be at the surface to attend the 
man below 

4. Always self-contained 
breathing apparatus in a suffocating 
atmosphere. 


use a 


5. Do not enter an explosive atmos 
phere unless it is of an emergency na 
ture; then be self-contained 
breathing apparatus is used 

6. Don’t try to prove you are a 
‘‘he-man’’ by working in a suffocating 
or explosive atmosphere without a 
breathing apparatus 


sure a 


7. Don't rush into a suspected area 
without first making the proper tests. 


Certain physical precautions must be 
used around manholes. Use a pick or 
a special manhole hook to remove the 
cover, not your hands. Lay the man 
hole cover flat and at a safe distance 
from the manhole. Keep manholes in 
good repair—-no broken or loose rungs, 
no loose bricks or concrete. 

Barricades, flags, or flares should be 
placed at the proper distance from open 
structures. Trucks or cars should be 
placed to afford additional protection 

An atmosphere check takes but a few 
minutes. Don’t rush into an accident 
or possible death. 


Breathing Apparatus Safety 


A self-contained type of breathing 
apparatus is needed at sewage treat- 
ment plants. This apparatus does not 
rely on outside air, nor is it hampered 
by oxygen petroleum 
fumes. It has a longer service life 
than the canister-type breathing mask. 
Since petroleum 


deficiency or 


constitute a 
hazard when mixed with compressed 
oxygen, the most versatile mask is a 


vapors 
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self-contained unit using compressed 
air and not compressed oxygen. 

All personnel should be thoroughly 
trained in the limitations of their par 
ticular apparatus, and periodically 
checked on the proper use of the mask. 
The life of an operator may depend 
upon his co-worker’s understanding of 
the mask. 

Masks should be inspected once a 
week, looking particularly for breaks 
or cracks in the rubber parts. Each 
‘anister must be checked for condition, 
and the cylinders for proper pressure 
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Make certain the harness is in good 
order and properly installed. Thor- 
ough cleaning of the apparatus is neces- 
sary after each use. The facepiece 
should be cleaned with ethyl alcohol 
and allowed to dry before storing. Lo- 
cations for the masks should be selected 
with care so that they will be available 
at the place of most likely use. How- 
ever, the location should always be 
outside the danger area. 

An improperly maintained mask is 
worthless in the hands of a trained 
person 


SCREW CONVEYOR FOR DIGESTER GRIT REMOVAL 


By ANDREW PALMER 


Superintendent, Plainfleld Joint Meeting Sewage Treatment Plant, Plainfield, N. J. 


At the Plainfield (N. J.) Joint Meet 
ing sewage treatment plant, two di 
gesters had been in continuous service 
since 1932 and had never been cleaned. 

Tests conducted on the digestion effi 
ciency indicated that the digester vol 
ume was appreciably reduced due to 
the presence of grit. The present grit 
chamber was not constructed until 1939 
This later addition of a grit chamber 
plus the fact that some grit passes 
through even a well-designed and op 
erated grit channel, resulted in ap 
proximately 6 ft. of grit being de 
posited in the digester 

Because the grit was too heavy to 
be pumped, it was necessary to under 
take the task of manually emptying 
the digesters. After various methods 
were tried, all too slow, a device was 
made from a 20-ft. length of 6-in. steel 
pipe. Into this pipe a 6-in. screw con 
veyor was placed with a 2-hp. electric 
motor mounted on the upper end, where 
a cutout had been made in the pipe 
This pipe was dropped through the 
manhole in the floating cover, after 
the sludge had been drawn down to 
grit deposit. A wooden trough was 


built from the pipe outlet to the side 
of the digester. 

With this arrangement the heavy 
grit and sludge were conveyed from 
the bottom of the digester to the trough 
and thence to the outside of the di 
gester, at the rate of 7.5 eu. yd. per 
hour. When the grit and sludge were 
lowered to within 1 ft. of the digester 
bottom, the end of the pipe was placed 
in a barrel and the grit shoveled into 
the barrel where the screw conveyor 
could take it out. 

The equipment worked very well on 
both digesters. Sludge and grit were 
disposed of by spreading on fields and 
plowing under. 

In cleaning the second digester the 
heating coils were found to be badly 
pitted, gas piping was useless, and the 
gas dome was in very poor condition 
After a careful survey, it was decided 
to install new heating coils, gas piping, 
and supports, and to repair the gas 
dome. 


To save the existing gas dome, which 
was badly pitted and corroded, repair 
was made by inserting a tight fitting 
sleeve placed in two sections. The 
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sleeve, made of %-in. steel, was fitted 
to the inside of the dome so tightly 
that it had to be jacked into place. 
Since the digester was completely 
empty and well-ventilated it was pos- 
sible to weld the sleeve integrally to 
the existing dome. The net result was 
to provide a dome thicker than the one 
originally installed. The dome’s in- 


terior surface was heavily coated with 
a bitumastic compound. 

All the work on the two digesters 
The 


was done by the plant personnel. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*Safety is an intangible something—you can’t see it until it ain’t.’’—Justin Wilson 
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time required to empty and clean the 
second digester, install the wrought 
iron gas and heater piping, plus the 
repair of the gas dome, took two and 
one-half months. Work was under- 
taken only when time and weather per- 
mitted. 

With thicker steel work, to resist 
pitting caused by corrosion, and an 
adequate protective coating bonded to 
the metal, digester structural sections 
and metal work will have a long life. 


Attention operators! 


Journal. 


It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Carbon copies of typewritten reports will be promptly returned on request. 
Please direct annual reports to: Federation of Sewage and Industrial Wastes Associa 
tions, Room 325, Illinois Bldg., Champaign, Il. 


Annual Report of the Waterbury, Conn., Sewage Treatment Plant 


General 


Although this is the second annual 
report, the twelve months covered rep- 
resent the first full year of substanti- 
ally uninterrupted operation. 

Designed to furnish primary treat- 
ment for an average flow of 15.0 
m.g.d., the sewage treatment plant was 
completed in late 1951 at a cost of 
approximately $1,000,000. The raw 
sewage is primarily domestic in char- 
acter, with a minor portion of indus- 
trial wastes. However, an analysis of 
the combined wastes in 1949 disclosed 
that copper and chromium were pres- 
ent in sufficient quantities that sludge 
digestion could not be satisfactorily 
utilized. Vacuum filtration of the raw 
sludge was decided upon. Decision to 


for the Year 1953 


By Water M. Kunscu, Superintendent 


construct a refuse incinerator as part 
of the over-all project made it feasible 
to construct a flash drying system for 
the sludge cake, as well as facilities for 
either bagging or incinerating the re- 
sultant dry sludge. 


Personnel 


Continuous efforts were made to de- 
velop an efficient staff of employees 
who are also satisfied enough with 
salaries and working conditions to stay 
more than a few months. 

The high turnover in personnel does 
not make for effective operation. Staff 
requirements are 32 (for sewage treat- 
ment and incineration), with only 16 
remaining of those who started the 
year. 
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Plant Units 


All sewage flows less than 30 m.g.d. 
are diverted to the treatment plant by 
means of a control chamber with a 
central baffle wall located in the main 
interceptor. ‘Two sluice gates permit 
complete bypassing of the plant. 

A mechanically ]-in. 


cleaned bar 


screen, with a grinder, permits the 
return of screenings to the sewage 
Grit from the mechanically cleaned 


grit chamber is either washed by re 


circulation or stored in cans for re 


moval. A manually cleaned bar screen 
is provided for bypass purposes 

Four low-lift horizontal 
(4,200 to g.p.m.) 
the sewage from the lower level of the 


vrit well to the 


centrifugal 
pumps raise 
chamber and wet 
ettling tanks 
Settleable 


the sewage in 


solids are removed from 


three mechanically 


cleaned rectangular tanks. Scum is 
manually discharged to the grease re 
Detention time 
flow of 15 


Parshall 


moval pits 
2.5 hr. for a 
effluent 
flow 
The chlorine 
l-ton chlorinators, provides storage for 
Both 
pre-chlorination and post-chlorination 
were tried 


averages 
An 
flume measures the 


building, housing two 


two carloads of ton containers. 


with the latter producing 


acceptable results at less cost than 
pre-chlorination 

Sludge is 
two concrete tanks having a capacity 
of 50.000 eal 
discharged above the tank liquid level 


and 


stored and concentrated in 


each, Primary sludge is 


supernatant with 


drawn from two levels to an adjacent 


liquor can be 


observation tank 

The sludge filter building houses the 
bulk of the equipment for pumping 
conditioning, filtering, conveying and 
drying sludge. Lime and ferrie chlo 


ride are used to condition the sludge 
prior to filtration on two cloth-type 
vacuum filters. Filtrate and washings 
from the filters return to the raw sew- 
well 


age wet Filter cake can be con- 


veyed to a truck for ultimate dumping 
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or, when heat is available from in- 
cineration of refuse, it can be flash 
dried. 
Operation 

The average daily sewage flow in 


1953 approached the design value and 
the average suspended solids of the 
raw sewage ran 
than the 102 p.p.m. originally pre- 
dicted. However, the pH compared 


favorably with normal domestic sew 


considerably higher 


age, in spite ol expectations of more 
acid conditions 

Grease content of the raw sludge 
vave the most difficulties in plant op- 
eration, particularly in sludge proces 
The partially re 
sponsible for the rapid blinding of the 


sing grease Was 


cotton cloths on the vacuum filters. 
During the last three months of the 
year polyethylene and saran_ cloth 


screens were used 
on the 
reduced, resulting in an 
filter cloth life 
than 500 hr. 

were not 


The effect of grease 
actual filtration was greatly 
increase in 
from 200 hr. to more 
Conditioning chemicals 
needed these three 
months, and all of the sludge can now 
be effectively dried in one shift using 
both filters However, the 
vrease continues to hinder plant opera 


tion, throughout the 


during 


one or 


accumulating 
sludge piping system 

Difficulty was experienced in obtain 
ing sufficient heat from the incinerators 
to dry sludge, particularly during ex 
tended rainy weather or the fall ean- 
will be necessary to 
auxiliary oil-fired furnace 
heat to the flash- 


ning season. It 
install an 
to supply sludge 
dryer. 

During the year the treatment fa- 
cilities were bypassed on 29 days due 
changes in 
result of the improve 

1952 and 1953, it ap- 
peared that most of the operating diffi- 
culties had and that 
the goal of uninterrupted operation 
would be reached 


to necessary 
tures As a 
ments made in 


plant strue- 


been overcome 


A summary of 1952 and 1953 oper- 
ating data is given in Table I. 


= 
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i TABLE I.—Summary of 1952 and 1953 Operating Data for the 
i Waterbury, Conn., Sewage Treatment Plant 
Average 
Item 1953 1952 
Connected population (est.) 95,000 95,000 
° Rainfall, total (in.) 49.44 53.1 
Temperature, mean (°F.) 53 52 
Full operation (days) 336.25 260.76 
Sewage treated: 
Mg. 4,751.07 3,905.82 
M.g.d. 14.13 13.76 
ES G.p.c.d. (est.) 147 145 
Grit (cu. ft./mg.) 3.20 2.52 
Screenings (cu. ft./mg.) 2.12 1.57 
Grease (cu. ft./mg.) 2.11 1.51 
Dry solids removed (1,000 Ib.) 3,669.3 2,343.6 
Suspended solids: 
Raw (p.p.m.). 159 130 
Final (p.p.m.) 72.1 63 
Reduction (%) ; 54.8 51.5 
Volatile (%) 84.1 83.9 
Settleable solids: 
Raw 1.0 34 
Final (ml./I.) 0.23 0.14 
pH 
Raw 6.4 70 
Final 6.8 68 
Chlorine: 
Dose (p.p.m.) 0.7 
Residual (p.p.m.) 0.05 O61 
Sludge processing : 
Gallons per operating day 28, 100 25,240 
Volatile solids (%) 79.3 78.5 
y Filter cake: 
Dry solids (ib.) 3,224,740 1,038,750 
Dry solids (Ib./day) 9.590 
Operating time (hbr.)... 4,101 2,590 
Filter rate (Ib./sq. ft./day) 3.15 2.00 
Utilities and ehemicals: 
Water (m.g./mo.) 1.52 1.01 
Electricity (kw.-hr./mo.) 41,412 42,368 
Chlorine (lb./day) 1,075 1,055 
Ferric chloride (Ib./yr.)? 66,932 78,100 
Lime as CaO (Ib./yr.) 133,746 162,200 
Cost data ($): 
>. Salaries 67,910.25 59,614.02 
Insurance 2,592.33 3,160.65 
Utilities 14,728.67 12,711.86 
Fuel 1,821.77 2,691.01 
Supplies 4,467.08 3,563.67 
‘ee 4 Equipment and maintenance 2,094.80 776.03 
Chemicals 16,480.10 19,655.56 
Total 109,095.00 102,942.44 
Per mg 22.96 28.70 
Per capita 1.15 1.08 


' Using both filters. 
? As 100 per cent FeCl. 
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1953 Annual Report of the Industrial Wastes Section Waste Treatment 
Facilities, Atomic Energy Commission, Los Alamos, N. Mex., Field Office 


By W. Cuaistenson, Chief 


Treating wastes to reduce the ‘‘num- 
ber of counts per minute,’’ rather than 
suspended solids or B.O.D., is the ob 
jective of the treatment facilities serv- 
ing the radiological laboratories at the 
Los Alamos A.E.C. field office. Waste 
materials plutonium having 
from 100 to 500,000 counts per minute 
per liter (c.p.m. per liter). The efflu- 
ent count must not exceed 165 ¢.p.m 
per liter 

Laboratory operation is variable, 
with the result that the pH of the 
waste may range from 2 to 13 and the 
total solids content from 230 to 8,000 
p.p.m. Substantial amounts of organic 
matter are not present 


contain 


Plant Hints 


The waste treatment plant was de 
signed to provide prolonged floccula 
tion and sedimentation, and filtration 
Lime and 
caustic soda are used for neutralizing 
the raw waste. Influent holding tanks, 
with two days storage volume at nor- 


through sand at low rates 


mal flow of 70 g.pm. per 8-hr. day, 
provide for equalization of the waste 
or the holding of unusual wastes for 
gradual blending with waste 
amenable to treatment. 


more 


feeders, and 
settling tanks are provided for either 
parallel or series operation. 
salts are used for chemical treatment 
Settling tank detention time is 3 to 
6 hr. The three rapid sand filters (17 
sq. ft. each) are similar to those found 
in conventional water treatment plants 
using sand and anthrafilt. Backwash- 
ing facilities and a surface wash sys- 
tem are provided, The filtration rate 
is varied between 1 and 3 g.p.m. per 
square foot. Most of the residual plu 
tonium activity carried over from the 
settling tanks is retained with the fine 
floe on or near the surface of the sand. 

Filter effluent is collected in effluent 


Floceculators, chemical 


Ferric 


holding tanks, where it is checked to 
insure a count within the permissible 
range for plutonium before discharge 
into a canyon. Backwash water is re- 
turned from the filters to the influent 
holding tanks for re-treatment. The 
settled chemical sludge from the sedi- 
mentation basins is concentrated in a 
tank. Supernatant from the sludge is 
returned for re-treatment and the 
sludge is dewatered on a drum filter 
1 ft. wide and 3 ft. in diameter. The 


filter cake is caught in salvaged oil 
drums. Final disposal is by burial of 


the drums in a contaminated burial 


ground 


Operating Data 


Since the plant is essentially experi- 
mental, operation is very closely super- 
vised. Because of the high capital cost 
($200,000), technical supervision, and 
low waste volume, the treatment cost 
is $5.86 per 1,000 gal., which is ex- 
tremely high compared to municipal 
or other industrial waste treatment. 
On the other hand, it is very low com- 
pared to costs for radioactive waste 
treatment where evaporation is re- 
quired. Costs of chemicals, mainte- 
nance, and utilities are about average 
for a conventional plant. 

Results of operation for the year 
1953 are summarized in Table II. Note 
the arrangement of data to show maxi- 
mum, and minimum values. 
Treatment facilities are operated only 
during the 8-hr. working day when the 
laboratories are used. 

The average flow to the plant is 
based on calendar days, whereas the 
average treated is based on working 


average, 


days. The difference between total 
to plant and total treated is due to 
backwash water, operational water, 


and contributions from the plant lab- 
The difference between total 
sludge produced and sludge treated 


oratories 


a 
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represents the amount of supernatant 
drawn from the sludge storage tank. 
Since sludge from another plant is 
brought to this plant for filtration, only 
1,900 cu. ft. can be attributed to the 
wastes treated at this plant. This rep- 
resents material that is buried from a 
total of 6,890,600 gal. of waste. 


TABLE I1.—Summary of 1953 Operating 


Data at A.E.C. Laboratory Waste Treat- 
ment Facility, Los Alamos, N. Mex. 


Hours of plant influent gross 
7 
operation 1000 cpm/| 
Treatment a intluent soz? 
rate — gpm Plutonium 43 
1000 
influent 1934 
Flow to plant 
1000 gal — 5.3 
o7 milligrams 
1 
1000 gal/wosh | 15, 
Final effiuent | 580 Final effluent 7 
recirculated 23 
1000 gol gross a A 
Final effi - 
1000 gal 297 com/| 
Sludge produced influent pH “8 
1000 gal O37 78 
Sludge treated toot on 
1000 gal/run one 7. 
Sludge treatment}ero ae 
rate - gph 216 Final eff. pH a7 
Filter coke 2859 Neutrahzation “s 5002 
produced a6 
cuft/run 15.9, NoOH 
Filter coke Chlorination 886 
production rate} o7 
Wet sludge Flocculation 
Solids 92 Ca(OH), 188 
Filter coke are Flocculation 
% Solids 47 
Av filtration Fioceuiation "11064 
vocuum-in of Hg) 29 
768 
Vecuum filfer 4006 Fiocculation oon [17.0 
run — hours 23 Na, SiO, Sah 3 2. 
‘ 
Sludge filter 6 300) Legend 
Wash water % 43 
Au. fitter run-tw 16 Milligrams 


Av. 180 


| Average flow to piant is based on calendor doys 
Average total treated is based on working doys 


2 Average pH values ore medians, al! other 
overage values ore arithmetic means 


3 Parts per million valves are based on weights 
of commercial! grade chemicals 
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The presence of citric acid and soap 
gave rise to the main operating prob- 
lems. The effect was to carry excessive 
amounts of plutonium through the 
treatment process. This condition was 
overcome by raising the pH. However, 
sludge dewatering was the process 
bottle neck. 


Operating Results 


For operational purposes the effluent 
radiological count is averaged over a 
two-week period, and the waste dis- 
charged only if it does not raise this 
average above 165 ¢.p.m. per liter, the 
drinking-water tolerance for plu- 
tonium. A two-week period may be 
more stringent than needed; however, 
a conservative approach has been 
deemed best. It was necessary to re- 
circulate the effluent for re-treatment 
only five times during the year. The 
average plutonium content of the efflu 
ent discharged was 49 ¢.p.m. per liter. 

The effluent is discharged to a canyon 
which is usually dry except from storm 
flows or snow melt. Downstream the 
effluent is joined by the discharge from 
a 0.75 m.g.d. domestic sewage treat- 
ment plant and by a second 0.75-m.g.d. 
plant a mile farther below. The com- 
bined stream flows 2 to 4 mi. before 
disappearing completely beneath the 
coarse sand detritus in the bed of the 
canyon 

Samples of soil are checked from 
various points in the canyon bottom for 
plutonium content. gradual in- 
crease has been detected, but no health 
hazard is anticipated. Ground-water 
samples are also obtained. To date no 
measureable plutonium contamination 
of the main aquifer (800 to 1,200 ft. 
deep) has taken place, although mi- 
nute concentrations having no health 
significance have been detected in the 
lens of perched water (120 to 210 ft 
deep). 

Both the concentration of radio- 
active material and the quantity of 
waste received for treatment had in- 
creased by the end of 1953. 
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STOCKHOLM, SWEDEN, PLAN FOR LOCATING 
SEWERS 


Note 
Cronstrom is the 


Editor’s The plan submitted 

| by Mr result of a 
request in the April 1954 issue of THs 
JOURNAL (page 571) for information 
regarding the relative merits of in 


stalling sanitary sewers in the streets 


rather than on the rear property lines 


vhen there are no alleys available 


In Sweden the subject of sewer lo- 
cation is discussed, even as it is in 
the United States. Mr. Anders Cron- 
strom, Civil Engineer with the City 
Street Department, Stockholm, Sweden, 
that study 
been devoted to finding the best way to 
put in sewers without interfering with 


advises considerable has 


water mains, storm sewers, gas pipes 


and electric lines. Most of the utility 


lines in metropolitan Stockholm are 
buried in the street right-of-way. 
A special report published by the 


Swedish Community Engineering Com- 
mittee shows a plan (Figure 1) that 
has been successfully used in Stock- 
The this arrangement 
facilitates the location of pipes and con- 
duits with a minimum of interference 
with other private property. 
The various utilities are arranged in 
the same general order regardless of 
widths. On narrow right-of- 
ways the utility arrangement is usually 
concentrated on the side of the street 
having a sidewalk. 


holm. use of 


lines or 


street 


8 — 
om 
ag* | | | ge 
8 8s “Tae VA GA V Rb Bs Tel 
&p Bg 
(All dimensions in meters.) 
A Sewer El High tension lines Rb Storm water 


G Gas line 
Gy Gas vent 


Bp Fire plug 
Ba Electric lines 


(check point) 


Tel Telephone lines 
V Water mains 


FIGURE 1.—Normal plan for utilities, Stockholm, Sweden. 


TIPS AND QUIPS 


Daily Diary 


Kew plant operators keep the most 
important report, the daily diary or 
log. Operators who keep one find it 
to be a valuable reference 
did 
sharpen and change the comminutor 
teeth? What did you buy, from whom, 
at what cost? Who visited the plant? 
What letters or reports did you write? 
Who complained about something, and 


For instance—when you last 


why, and when? What was done about 
it? What work was performed and 
why? 

These and many other questions can 
be answered if you keep a daily diary. 
Such a record is invaluable in prepar- 
ing your annual report, or in your pub- 


lie relations program. Good plant op- 


eration hinges on knowing what was 
done, when it was done, and why, in 
order to maintain smooth operation 
and avoid trouble in the future. 


| 
| 
| 
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It takes less than five minutes per 
day to keep a daily diary, yet the 
reference value is inestimable. 


TCP 


TCP is a gasoline additive to give 
power, mileage and pep at no extra 
cost. 

According to the October 1954 issue 
of Sewage Gas, quarterly news-sheet of 
the Idaho, sewage treatment 
plant, TCP stands for: 


Boise, 


T—Treatment 
C—Cleanliness 
P—Publie Relations 


They cost no more, but the results 
will out-do any gasoline additive! 


End Wrench for Tight Places 


Using a wrench on pipes in those 
hard-to-get-at-places against flat sur- 
faces or in coils should be easier using 
a new end wrench designed with an 
offset handle. The wrench is made for 
rugged duty and hard tough work, 
according to the manufacturer, the 
Toledo Pipe Threading Machine Co., 
Toledo, Ohio. Other features of the 
wrench, which is available in 8-in., 10- 
in., 14-in., and 18-in. sizes, are reported 
to be easier setting of the jaws, im- 
proved sure-grip handle, positive hook 
action, and a handy pipe scale on the 
hookjaw. 


Weather Relations 


Does the public look to your plant 
for local weather information? A 
number of sewage treatment plants in 
and medium size communities 
furnish weather information to the lo- 
cal newspapers, fuel dealers, and 
Here is a public service fea- 
ture that will score high in your pub- 
lic relations efforts. 

To facilitate the gathering of weather 
data, the Aircraft Components, Inc., 
Benton Harbor, Mich., have announced 
a new weather instrument, the AC-2 


small 


others. 
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Wind-O-Meter for measuring wind ve- 
locity (to 85 m.p.h.), wind direction, 
and air temperature (— 40° to 120° 
F.) Outside units are connected elec- 
trically to an inside desk-top indicator. 
The cost is reported to be less than 
$100. 


Field Sketch Pad 


A ruled sketch pad has been made 
available by the Automatie Control 
Company, 995 University Ave., St. 
Paul 4, Minn., for use in laying out 
and planning sewer systems or treat- 
ment facilities. A number of special 
symbols are printed on the edges of 
the sheets to help standardize on simple 
pictorial representation of processing 
elements that must constantly be illus- 
trated. 

These pads, printed on lightweight 
stock in orange ink, are available upon 
request to Automatic Control Com 
pany. 


Ohio Operator’s Exam 


Examinations for certification of 
sewage treatment plant personnel in 
Ohio will be held on April 22, 1955, in 
five Ohio cities. Applications must be 
filed with the Advisory Board of Ex 
aminers, Ohio Department of Health, 
Columbus, Ohio, by March 1, 1955. 


Filter Fly Control 


It happened much by accident. The 
operator of the Illinois State Farm at 
Vandalia, Ill., noticed that filter flies 
were attracted to and trapped in a pool 
of No. 1 fuel oil that had resulted from 
a fuel line leak near the filters. Ae- 
cording to the August 1954 issue of 
The Digester, the operator was aroused 
by this observation and placed several 
coffee cans around the plant grounds, 
with a small amount of fuel oil in each 
At last report each can had filled with 
dead filter flies to a depth of \% to 1 
in. 
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Thus the contest to control filter flies 
has another entrant! 


Safer Winter Driving 


Winter driving on snow and ice is 
always hazardous and requires that the 
driver ‘‘vet the feel’’ of the road 
before going too far and too fast 

A recent news report from the Uni 
versity of Wisconsin, where safer win 

is studied, states that the 
ial tires and chains contrib 
treads serve 
satisfactorily 80 per cent of the time 


ter driving 
use of spec 
utes 
types ol 


considerably to safety. 


mud-snow may 
**brak 
much as 40 to 50 
However, the responsibility 


and reinforced fire chains cut 
ing’’ distances as 
per cent 
is not diminished for driving within 
the limits of the ‘‘feel’’ of the 


It takes 3 to 12 times as far to stop 


road 


on snow and ice as on dry concrete. 

Kor emergency help in getting out of 
aggravating winter driving situations, 
the following recommended 
for every well-equipped car or truck 
plastic windshield scraper, a shovel, a 


items are 


pail of sand, a tow chain, and rein 
forced tire chains 
TV and PR 


Educational television programs can 
be an effective medium in any public 
relations activity. Water conservation, 
stream pollution abatement, or sewage 
whatever 
can be materially 


treatment plant awareness 
to call it 


benefited by well-prepared programs. 


you wish 
A graphic picture of the many and 
throughout 
Potomae was effectively 
brought to publie attention through a 
series of TV shows presented over sta 


tion WNBW-NBC, Washington, D. C 


varied problems existing 


the pollute d 
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The response by viewers was most 
gratifying and efforts are planned to 
continue this type of public service 
educational program 

The film used in the program is avail- 
able to those interested in either show 
ing it or preparing their own program. 


Kalamazoo River Responds 
Field checks one year after a 1953 
fish killing, at identical flow 
rates, showed definite improvement in 
water quality of the Kalamazoo River 
below Kalamazoo, Mich 


almost 


Recent completion of treatment fa- 
cilities at 5 more paper mills leaves 
6 mills, out of the original 17, yet to be 
serviced by treatment facilities. By 
next Fall all paper mills, as well as the 
municipalities of Kalamazoo, Parch- 
Plainwell, and Otsego, are ex 
pected to have treatment facilities op 
erating 


ment, 


Waste Water Reclamation 


The day 


sewage 


may soon be here when 
treatment plants will be re- 
ferred to as water reclamation plants. 

Acceptance of treatment 
plants by the community may be en- 


sewage 


hanced when the plants are designated 
and operated for reclamation purposes. 
This approach would influence city lay- 
out, collection system design, and final 
The economic al- 
ternatives between methods of sewage 


disposal methods 


disposal should, then, take into account 
the value of the waste water resource 
not only to the city, but also to the 
entire region. At present, many com- 
munities are obliged to think of waste 
water only as an expensive disposal 
problem. 

Waste 


source 


water should be a water re 


ra 
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Reviews and Abstracts* 


Operating Methods of Brush Aeration for 
Sewage Purification with Activated 
Sludge. By H. Kessener. Gesundh.- 
Ing., 75, 12 (1954). 

The activated sludge process is not 
necessarily as sensitive to shock loadings 
as the literature maintains. Sufficient 
oxygen at all times is the problem. The 
effect of recirculation on high-rate trickling 
filters can also be obtained for the acti- 
vated sludge process. Return sludge 
properly diluted with effluent is defined as 
external recirculation. Internal recircula- 
tion, combined with step aeration, is 
achieved by pumping mixed liquor from 
the second tank of two adjacent passes to 
the first tank by means of water wheels 
driven by the brush shaft. The amount 
of recirculation is controlled by several 
gates or valves along the dividing wall of 
the tanks. Internal recirculation dilutes 
shock loads, maintains oxygen levels and 
sludge absorptive powers. Reserve aera- 
tion tanks are unnecessary because the 
sludge cannot settle and all aeration 
mechanisms are accessible from the sur- 
face. Energy requirements for small 
plants are relatively little more than for 
large plants. Perer K. MUELLER 


Sewage Temperature and Performance of 
Activated Sludge Plants. By R. 
Krause. Gesundh.-Ing., 74, 291 1953). 
The expression in which 

ko = B.O.D. reaction rate constant at 

20° C., and ty and ty = aeration time in 
days at 20° and T° C., is a measure of the 
quantity of carbonaceous B.O.D. appli- 
cable at ty under the following mathe- 

matical conditions: (a) the influent B.O.D. 

is 90 per cent destroyed, (b) the initial 

B.O.D. load is unity at 20° C., and (c) the 

aeration tank volume is unity. Thus, at 

20° C. the expression is unity and from 
published operational data corresponding 


values at 25° and 30° C. are 1.13 and 1.35, 
respectively. Values at other tempera- 
tures for 90 per cent removal, values at 
other temperatures for 80 per cent removal 
and for different temperature coefficients 
of ke are tabulated. Setting similar 
conditions, but taking B.O.D. loads as 
unity at each temperature for con- 
ventional aeration (I) corresponding 
values are calculated for step aeration with 
four steps (II). Thus, unit loading of I 
at 20° C. corresponds to a loading of 1.79 
for II, and unit loading of I at 30° C, 
corresponds to a loading of 1.69 for II. 
There is good agreement with literature 
values. Similar calculations at different 
temperatures for an infinite number of 
steps indicate maximum attainable load- 
ings for a given degree of purification. 
For aeration tank design, annual sewage 
temperature variations should be con- 
sidered. K. MueLLER 


Control and Disposal of Kraft Mill 
Effluent. By W. A. Moaaio. Proc. 
Amer. Soc. Civil Eng., 80, Sep. No. 420 
(Mar., 1954). 

The Kraft paper process, from pulping 
on through the paper mill, is described 
with the aid of flow and mass diagrams. 
Information is also given on sources and 
characteristics of the wastes and what is 
currently being done to control them. 
Spent cooking liquor is processed to re- 
claim chemicals and where formerly salt 
cake losses ran up to 500 lb. per ton of 
pulp some mills now operate with losses 
below 100 lb. per ton. Re-use of waters, 
improvements in evaporators, better by- 
product recovery, and use of improved 
vacuum washers and save-alls, have com- 
bined to reduce losses and give effluents 
containing 20 to 40 lb. B.O.D. per ton of 
product. 

Treatment and disposal of Kraft mill 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 
might be suitable for abstracting in Tu1s JounNaAL. Publications of public health departments, 
stream pollution control agencies, research organizations, and educational institutions are par- 
ticularly desired. Address such material: Federation of Sewage and Industrial Wastes Asana., 


$25 Illinois Bldg., Champaign, Il. 
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effluents is by dilution, either controlled 


or not, or by controlled natural stabiliza 
tion followed by discharge to receiving 
vaters An accelerated treatment by the 


ictivated sludge process is now being 


developed W. A. HasrurtHer 


National Water Policy. By T. Savini: 
Proc. Amer. Soc. Civil Eng., 80, Sep 
No. 442 (May, 1954) 

The author does not attempt to estab 
lish recommendations for a national wate: 
policy, but explores the needs and makes 

iggestions for a program he considers a 
major undertaking which will require much 
time. A national policy is not a federal 
one and there must be adequate planning 
representation of federal and non-federal 
government, and private interests. 

The need is stressed for a separate 
hydrological data collecting agency to take 
over and supplement work being done by 
i number of existing agencies. Present 
data on supply and use are confusing and 
cleat up-to date reports are needed 

Changing and multiple uses for water 
dictate the need for better planning, 
possibly on a river basin scale and with 
ground vaters considered Non-federal 
project ire pl tinned and operated on the 
basis of the users or beneficiaries reim 
hbursing capital costs with interest and this 
hould be a goal Many other ideas are 
presented that should stimulate planning 
necessary to develop an adequate and 
workable water poliey. 

W. A. Hasrurtuer 


Recent Pennsylvania Experiences of Au- 
thority Sewage Works Financing. [| 
SAMUEL I, Zack. Proc. Amer. Sor 
Civil Eng., 80, Sep. 453 (June, 1954 
The methods of awarding contracts and 
ile of bonds, establishing trust in- 

dentures, setting up of sewer connection 

ind rental charges, regulating industrial 
vastes, and providing for payment of 
bonds and plant maintenance are covered 
lor eight treatment plants operated by 
ewer authorities in Pennsylvania 
Fourteen tables and several figures show 
in fair detail such things as design data 
construction costs, bonds issued, interest 
rates, years of maturity, connection and 
sewer rental charges, interest and amor- 
tization schedules, and actual revenue and 
expenses W. A. HasrurTHER 


Concentration of Combined Primary and 
Activated Sludges in Separate Thick- 
ening Tanks. By Witsur N. Torpey. 
Proc. Amer. Soc. Civil Eng., 80, Sep. 
No. 443 (May, 1954) 

Results of 19 months of full-scale studies 
at the Bowery Bay plant in New York 
City have shown that the concentrating of 
combined primary and secondary sludges 
in separate thickening tanks can result in 
worthwhile savings in digester capacity 
To eliminate laborious calculations, con- 
trol was governed by a sludge volume 
ratio (SVR), defined as the volume of the 
sludge blanket in the thickeners divided 
by the volume of sludge pumped from 
them daily. Actual detention time of the 
sludge varied but was always under one 
day. 

With combined primary and modified 
activated sludges, concentration of total 
solids in the thickened sludge averaged 
11.2 per cent, and the unit volume to be 
digested was reduced by 64 per cent over 
the volume produced by conventional 
operation. For combined primary and 
full activated sludge the average total 
solids of thickened sludge was 6 per cent 
and the net saving in sludge volume to the 
digester was 42 per cent 

Special considerations must be given to 
provision of extra-duty equipment in the 
thickeners, high sludge pump discharge 
pressures, and provision of a continuous 
flow of fresh dilute sludge 

W. A. HasrurrHer 


Experiments with Biological Destruction 
of Phenols with Aeration Using Micro- 
organisms of the Species Nocardia. By 
(i. BRINGMANN. Gesundh.-Ing., 75, 252 
(1954). 

The fungus Nocardia rubra was ac- 
climatized by additions of mineralized 
100-p.p.m. phenol solutions to destroy 500 
p.p.m. in 24 hr., or 1,600 p.p.m. in 48 hr. 
when using | |. of air per minute per lite: 
of solution Concentrations above 2,000 
p.p.m, retarded growth. Activity can 
only be maintained by continuous loadings 
which may vary by +200 to 300 p.p.m 
Variations by +400 p.p.m. are detri- 
mental. Removal of organisms from the 
effluent was achieved by sand filtration 
ind inoculation occurred by backwashing 
with mineralized influent. Temperature 
changes between 16° and 24° C. had no 


‘ 
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effect. Cultures acclimatized to 1,000 
p.p.m. phenol destroyed similar concentra- 
tions of o-, m-, and p-cresols. 

Peter K. MvueLLER 


Permissible Dose from External Sources 
of Ionizing Radiation. Nat. Bur. of 


Stand. Handbook 59, Supt. of Doce., 
Washington 25, D. C. 79 pp. Price, 
$0.20 (1954). 

The recommendations and discussions 


of permissible dose contained in this Hand- 
book form the basis of all other recom- 
mendations of the National Committee on 
Radiation Protection, including permis- 
sible doses for radioactive material within 
the body, safe handling of radioactive 
materials, waste disposal, etc. For easy 
reference the exposure limits of parts of 
the body to various types of ionizing 
radiation are briefly stated in the section 
“Protection Rules.” 

This report was used as a basis for the 
discussion at the meeting of the Inter- 
national Commission on Radiological Pro- 
Copenhagen in 1953. The 
veneral principles developed by the sub- 
committee have been included in the most 
recent international recommendations. 


tection in 


Pollution Sources in Wool Scouring and 
Finishing Mills and Their Reduction 
through Process and Process Chemical 
Changes. By JosepH W. MAsseuui 
anp M. Gitpert Burrorp. New Eng- 
land Interstate Water Pollution Control 
Commission, Boston, Mass. 31 pp. 
This is a companion study to one 

previously published (see THis JOURNAL, 

26, 9, 1109; Sept., 1954) on cotton finishing 

wustes. 

Wool scouring and finishing mills using 
soap for scouring, fulling and washing will 
discharge 400 to 500 lb. of B.O.D. for each 
1,000 |b. of cloth, about one-half being 
contributed by the grease and suint in the 
wool and one-half by the soap, acetic acid, 
and other process chemicals. 
tributes 60 to 90 per cent and acetic acid 
5 to 30 per cent of the process chemical 
B.O.D. 

Finishing plants not scouring grease 
wool will produce 150 to 200 lb. of B.O.D. 
for each 1,000 lb. of wool if soap is used 
for fulling and washing. Here, also, the 


Soap con- 
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soap contributes 60 to 90 per cent and 
acetic acid 5 to 30 per cent of the B.O.D. 

Choice of proper processing methods 
and chemicals can greatly reduce pollu- 
tion. In scouring and finishing mills use 
of solvent scour methods which recover 
grease and suint could reduce the B.O.D 
load as much as 50 per cent. Use of low- 
B.O.D. detergents in place of soap can 
lower the B.O.D. by 30 to 45 per cent. 
Use of ammonium sulfate in place of 
acetic acid can lower the B.O.D. by 2 to 
15 per cent. 

In finishing plants not scouring grease 
wool, replacement of soap may reduce the 
B.O.D. 60 to 90 per cent and replacement 
of acetic acid may reduce it 5 to 15 per 
cent. Additional substitutions for other 
high-B.O.D. process chemicals may reduce 
the over-all plant B.O.D. as much as 95 


per cent and in many instances may 
eliminate the need for industrial waste 
treatment. H. P. O. 


Factors Affecting the Formation and 
Oxidation of Sulphides in a Polluted 
Estuary. By A. B. 
Jour. Hyg., 52, 194 (1954). 

Redox potential of muds at various 
depths with and without D.O. in the over- 
lying water was investigated under lab- 
oratory conditions as a possible factor in 
sulfate reduction. The showed 
that the presence or absence of D.O,. in 
the water had no effect on redox potential 
of the mud rt depths greater than 2 em 
below the mad-water interface and that 
conditions in lower layers are suitable for 
anaerobic bacteria whatever the oxygen 
content of the water. 

In the Thames estuary sulfide is usually 
found when D.O. is absent. This might 
be either D.O. inhibits sulfide 
production or sulfides produced are oxi 
dized by D.O. An experiment was run to 
determine the minimum oxygen concentra- 
tion to stop sulfide formation. 
nutrient solution and 
sulfate-reducing 


results 


because 


Sewage, 
mixed cultures of 
bacteria aerated 
with nitrogen containing various percent- 
ages of air. With 2 per cent air (0.16 
p.p.m. D.O.) in nitrogen gas, there was 
negligible sulfide production; with 1 per 
cent, sulfide production took place. Sul- 
fides would not be formed, therefore, in 
waters containing any significant amount 
of D.O.; but they would be formed in mud 


were 
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x 
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deposits in water containing D.O. and the 
oxidation in the water would be important. 

Experiments with culture medium 
showed that below 15° C. sulfide produc- 
tion was greatly retarded; at 10° and 5° 
C. no sulfides formed. However, 
mixtures of mud and sea water 
sulfides were formed even at 5° and 10° C., 
but the quantity formed increased with 
It was concluded that the 
rate of sulfide formation in the estuary 
during the summer at 20° to 25° C. might 
be about three times as great as in the 
winter, other factors being equal. 
Whether the mud was kept in suspension 
or allowed to settle made no difference on 
sulfide formation when the water was 
anaerobic, 

Experiments conducted with sea and 
estuary waters to which sulfide had been 
added and which had access to oxygen 
showed that sulfides were oxidized at the 
same rate in the sterile waters as in the 
non-sterile waters and therefore the oxida- 
tion was predominantly chemical. The 
rate of oxidation depended on the con- 
centration of sulfide remaining to be 
Oxidation was greater when 
the water contained Fe, an increase in the 
Fe content (by the addition of mud) re- 
sulting in increased oxidation. In estuary 
water containing mud, sulfide could be 
very high rates (in some 
a half-life period of 1 hr.) if 
The rate of 


were 
with 


temperature 


oxidized 


oxidized at 
instances 


sufficient oxygen is present. 


entry of D.O. in estuary water is the 
factor controlling the rate of oxidation of 
sulfide. H. HeukeLeKiaNn 


Selected Bibliography of Publications 
Relating to Undesirable Effects upon 
Aquatic Life by Algicides, Insecticides 
and Weedicides. By W. M. INGram 


C. M. USPHS Publ. 
No. 400 (Pub. Health Biblrography 
Series No. 13), U.S. Govt. Printing Off., 
Washington 25, D. C. 28 pp. Price, 


$0.15 (1954). 


This booklet lists papers referring to the 
harmful effects of algicides, insecticides 
and weedicides on aquatic organisms other 
than those they were designed to control. 
The publication is not intended to dis- 
courage the use of such pesticides, but 
rather to enable those who use economic 
eliminate their 
damages to aquatic life by profiting from 


poisons to minimize or 
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the experience of others as set forth in the 
papers cited. 

Lists included make easy reference to 
papers dealing with specific chemicals and 
certain organisms. A section on bioassay 
references also is included. 


BOOKS, REPORTS, 
AND PAMPHLETS 


Community Planning and Development. 
Bull. of Florida Eng. and Exper. Sta., 
Univ. of Florida, Gainesville, Fla., 8, 
No. 5 (May, 1954). 

Proceedings of the 7th Florida Muni- 
cipal and Public Health Engineering Con- 

ference, held March 9-10, 1954. 


Water Laws in Moslem Countries. Food 
and Agric. Org., United Nations. Co- 
lumbia Univ. Press, 2960 Broadway, 
New York 27, N. Y. 202 pp. Price, 
$2.00 (1954). 


Jersey City, N. J. Bond circular, Wright 
and Ramsay, Inc., New York, N. Y. 
(Aug. 24, 1954). 

Prospectus on $22,000,000 in sewer 
revenue bonds based on sewer service 
charges ranging from $0.13 to $0.18 per 
100 cu. ft. (Water rate is $0.12 per 100 
cu. ft. to all users, with all services 
metered.) 


Proceedings, Local Government Confer- 
ence on Refuse Disposal Methods. 
University of Pittsburgh, Pittsburgh, 
Pa. 106 pp. (1954). 


Proceedings, Sixth Pacific Northwest In- 
dustrial Waste Conference. University 
of Washington, Seattle, Wash. 61 pp. 
(1954). 


Proceedings of the Third Annual Ohio 
Water Clinic. Special Report, Ohio 
State University Engineering Series. 
144 pp. (Aug., 1954). 

Includes the text of all papers and panel 
discussions presented at the clinic meeting 
(Feb. 11-12, 1954), which included the 
topics of stream sanitation, industrial 


pollution abatement, water conservation, 
and wastes recovery. 


BE 
| 
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Circular Collectors 


Types for every waste treatment problem 


@ ror 
EFFICIENT LONG- 
TERM OPERATION 


ENGINEERED FOR 
USE IN CIRCULAR 
OR SQUARE TANKS 


SELECTION OF 
DRIVES TO MEET 
YOUR SPECIFICATIONS 


CLARIFLOW THICK- 
ENERS FOR FLUE 
DUST CLARIFICATION 

TRACTOR DRIVE COLLECTOR 


This pier-supported collector is de- 


by a two-wheeled, rubber tired tractor 


signed for circular tanks. The rotating unit running on the rim (or effluent weir 
bridge acts as the lever arm rotating a wall of the tank). Drive unit is simple, 
sturdy center cage which carries the col- easily accessible, and not affected by 


lector arms. Rotational force is provided snow or ice. 


PIER DRIVE COLLECTOR 


The Pier Drive Collector is recom- 
mended where it is undesirable to 
operate a Tractor Drive... where the 
access bridge must be stationary, or the 
corners of square tanks must be scraped. 
Center drive mechanisms, ranging from 
1/2 to 10 horsepower, are built for long 
life and heavy in service. Worms are 


SPENDED COLLECTORS are used carburized and ground steel and pre- 
where a simple bridge can span the tank cision meshed with hardened bronze 
diameter. In this case, the complete worm wheels. The balls run in hard- 
motor and drive assembly, together with ened, ground, renewable ball races. 


the drive tube and collector arms, are 
suspended from the bridge. 


WRITE FOR BULLETIN 9W65 
CLARIFLOW THICKENER 


This unit utilizes the principles of fluid 
mechanics, so highly developed in 
Walker sedimentation units. It removes 
all settleable solids and remarkably clar- 
ifies the flow. All parts are sturdily 
built... designed for the “tough” jobs. 


WRITE FOR BULLETIN 10169 


WALKER PROCESS EQUIPMENT INC. 


— Offices — Labortories 


Aurora, Illinois 
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Proceedings of Member Associations 


GEORGIA WATER AND Secretary-Treasurer: A. T. Storey, At- 
SEWAGE ASSOCIATION lanta. 
The 1954 Annual Meeting of the A. T. Story, 


Georgia Water and Sewage Associa- Secretary-T'reasurer 
tion was held at the Georgia Institute 


of Technology, Atlanta, Ga., September 


PACIFIC NORTHWEST SEWAGE 

Annual Georgia Water and Sewage 

School. The total registration reached ASSOCIATION 


a new high of 409. The 21st 


22-24, 1954, in conjunction with the 


Annual Meeting of the 
The Federation’s Arthur Sidney 
Bedell Award was presented to N. M. 
deJarnette 
Officers were elected as follows: 


Pacific Northwest Sewage and Indus- 
trial Wastes Association was held in 
the Ilotel Eugene, Eugene, Ore., on 
October 21-23, 1954. 

President: I’. Lamb, La Grange. Technical papers presented at the 
Ist Vice-President: W. W. Kiser, Rome. 
2nd Vice-President: I. L. Futral, New- 


man. (Continued on page 66a) 


meeting included the following: 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 

ALL SNOW GATES and Lifts are “ Parker- 
ized” for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 


‘ 
|| 
| 
1 
| 1 | 1 | 


SEWAGE AND INDUSTRIAL WASTES 65a 


A SPACE STATION . . . a thousand miles high in the stratosphere slowly circling the globe observers near its rim 
studying cloud formations and the earth's atmospheric canditions below this may be our weather bureau of the future. 


100 years from now...A MAN-MADE “MOON” 
MAY BE OUR WEATHER BUREAU 


OUR WORLD of tomorrow will bring many 
changes. But in one vital aspect of American living, 
your great-grandchildren will continue to enjoy the 
same dependability and service you know today. 
Cast iron pipe laid today will still carry water and 
gas to their homes. 

Today, over sixty American cities and towns are 
; . still served by cast iron water and gas mains laid 
2 100 and more years ago. And modernized cast iron 
pipe, centrifugally cast, is even stronger, tougher, 
more durable. 
U. S. Pipe is proud to be one of the leaders in a 
forward-looking industry whose service to the world 
is measured in centuries. 


United States Pipe and Foundry Company 
General Office: Birmingham 2, Ala. 


A wholly Integrated producer from mines and blast furneces to finished pipe. 


: 
| | 
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Since 1885 


GRUENDLER 


The Choice of 
Municipal Plants 


25 Sewage 
Shredder IN 5 
Installations 


Coney Island N. Y. Sewage Works 
Kimball, Nebraska 

Bedford, Virginia 

Cleveland, Ohio, Hopkins Airport 
Brooklyn, New York 

White Bear Lake, Minnesota 

St. Petersburg, Florida Airport 
Houston, Texas 


Albuquerque, New Mexico 
Villa Park, Ill, Drainage Basin 
Clear Lake, lowa 

Wichita, Kansas T.W.A 
Lexington, Virginia 

Provo, Utah 

Montgomery, Alabama 
Camden, New Jersey 

U. S. Army, Ft. Bliss, Texas 
Monkato, Minneapolis 
Charlestown, Mass. Pumping Sta 
New Bedford, Massachusetts 
Waco, Texas 

Henderson, Kentucky 


Two Typical Gruendler Sewage Shredders 


GRUENDLER 
SEWAGE GARBAGE SHREDDERS 


Disintegrate wastes, including rag stock, 
for continuous uninterrupted flow! 


BULLETIN 5S.G, 10, mailed on request. 


GRUENDLER 
CRUSHER & PULVERIZER CO. 


2915 North Market St..Dept. SIW, St. Louis 6, Mo. 
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‘‘Composting Progress at Tacoma,’’ 
by C. 8. Seabrook, Sanitary Engineer, 
City of Tacoma, Wash. 

‘‘Automatic Controls in Sewage 
Treatment,’’ by Lloyd K. Clark, Con- 
sulting Engineer, Salem, Ore. 

‘*A Critical Appraisal of Sewage 
Operation and Design,’’ by R. O. Syl- 
vester, Associate Professor of Sanitary 
Engineering, University of Washing- 
ton, Seattle, Wash. 

‘*Financing, Design, Construction, 
and Operation of the Eugene Disposal 
Plant,’’ by R. E. Roderick, H. F 
Beistel, and William Newell. 

‘*External Heat Exchangers,’’ by 
J. W. Pratt, Process Engineers. 

‘Direct Heating by Steam Injec- 
tion,’’ by John W. Cunningham, Con- 
sulting Engineer, Portland, Ore. 

‘*Digester Heating by Gas Engines,’’ 
by A. L. McGee, Superintendent, Sew- 
age Treatment Plant, Chehalis, Wash 

‘Digester Heating by Heat Pump,”’ 
by Mervin Minish, Engineer, Parker 
Hill and Ingman, Seattle, Wash. 

‘Cannery Waste Disposal by Irri- 
gation,’’ by G. H. Dunstan and J. V. 
Lunsford, Washington State College, 
Pullman, Wash. 


Round table sessions on development 
and trends in sewage works, grit and 
screenings removal and _ disposal, 
sludge digestion and disposal, public 
relations, plant maintenance and 
safety, plant records, and the role of 
consulting engineers industrial 
wastes problems, completed the meet- 
ing 

Inspection trips were made to vari- 
ous treatment plants in the vicinity. 

Officers elected for 1955 were as 
follows: 


President: F. Merryfield, Corvallis, 
Ore. 

Vice-President: E. F. Eldridge, Olym- 
pia, Wash 

Secretary-Treasurer: W. W. Saxton, 
Olympia, Wash 

W. W. Saxton, 
Secretary-Treasurer 
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I'S NEW!! REVOLUTIONARY! 


ROTAGRATOR 


(Trade Mork) 


| screen and 
comminutor 


Here is a unit that really screens and comminutes 
coarse sewage material without removal or 
rejection from the flow. Solids are held upstream 
until they are reduced to a size that permits 
passage downstream. Unpleasant and expensive 
manual removal methods, odors and other 
nuisances are eliminated when the “Roracrator” 
ont comminutor is installed, This equipment 

; AY by ; operates at a low head loss, and efficiently 

handles a wide variety of solids. 


Straight line installation reduces initial costs. 
Low power requirements reduce operating costs. 


The “RoTAGRATOR” screen and comminutor was 
developed for larger communities to complete 
INFILCO's extensive line of sewage and waste 
treatment equipment. For more information 

on the “RoTacrator” comminutor and other 


; ——— INFILCO equipment, see your Consulting 


Engineer and write for literature. 


Typical materials that have been 


successfully comminuted in the 


"“ROTAGRATOR” comminutor include: 


The one compony 
offering engineered 


equipment for all 
types of woter and 
woste processing — 
coogviation, 
Precipitotion, 
sedimentation, 


INFILCO ING. 
lon exchange ond 


921 South Campbell Ave., Tucson, Arizona 


Field offices in principal cities in North America aa 


¥ 

ROTAGRATOR | 

| 
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Equipment and Supply Lines 


Rotary Sludge Scraper—RKotary 


sludge scraper equipment is described 


in new releases giving 


Water 
St., 


engineering 
data Graver 
Co., 216 W 
N. Y 

pH Controllers 


pages 


Conditioning 


New York 11, 


Bulletin Q1304 (36 
features details and engineer 
ing data on complete pH recording and 
controlling systems.—Bristol Co., Wa 


terbury 20, Conn 


Automatic Titrimeter 


details advantages 
of using a new automatic titration ap 


New release 


describes the and 


Scientifie Co., 717 
Forbes St., Pittsburgh 19, Pa 
Temperature Regulators-—-A new 
comprehensive engineering bulletin 
S-6) gives details on thermostatic 


temperature regulators.—Lawler Au 
Controls, Ine., 453 N. Mae 


Questen Parkway, Mt. Vernon, N. Y 


Technical 


tomatic 


Telemeters Information 


gives specifications and com- 
plete information on a new impulse- 
duration telemetering system for flow, 
pressure, level, temperature and other 
variables Foxboro Co., Foxboro, 


Mas 
Masonry Hole Cutter 


hole cutting machine is portable, light- 
weight i 


New masonry 


cuts holes in. 


high speed 
through 


hard 
reinforcement.— 
Machines, Wash- 


to 10 in. in diameter 


averegate steel 


Moleo Drilling 
ington, D. C 


Package Plants—lackage activated 
sludge plants for industry and com- 
munities up to 2,000 population equiv- 
alent are new Bulletin 
No. 22879 Process Equip 
ment [ne Russell St., Aurora, 


described in 
Walker 
R40 N 


New 24 
1253 describes the 
volume pumps in 
instrumentation, both gener 


Controlled Volume Pumps 
page Bulletin No 
controlled 


of 


Drocess 


ally and in specific industry applica- 
tion. Also included are engineering 
data on the effect of fluid character- 
istics and piping on pump operation. 


Milton Roy Co., 1300 E. Mermaid 
Lane, Philadelphia 18, Pa. 
Plastic Coatings—l’roperties of 


plastic coatings and their application 
for metal products protection are given 
in several leaflets describing 
specific industrial uses to combat cor- 
rosion and abrasion.—Arbonite Corp., 
900 N. Main St., Doylestown, Pa. 
Measuring and Control Equipment 
Bulletin 050 illustrates various types 
of control metering equipment, both of 
the primary and secondary types. 
Pressure Filters—An extensive line 
of pressure filters and accessories for 
removal of suspended solids, oil and 
color is described in revised Bulletin 
No. 2225-B.—Permutit Co., 330 West 
42nd St., New York 36, N. Y. 
Packings and Gaskets—-New 6-page 
folder PK-—80A describes ‘‘Chempac’’ 
Teflon-treated asbestos packings and 


memo 


gaskets for chemical and process equip- 
ment.—Johns-Manville, 22 East 40th 
St., New York 16, N. Y. 

Chemical Pumps—Bulletin 725.4 
detailed data on centrifugal 
chemical pumps for abrasive and cor 


rives 


rosive liquids.—Goulds Pumps, Ine., 
Dept. SI, Seneca Falls, N. Y. 
Refractories—A series of booklets 


describes refractory products for vari- 
ous industries, including incineration 
and other uses.—Norton Co., Worcester 
6, Mass 

Portable Pumps—Bulletin 
gives complete data on portable pumps 
for fire and other emergency uses.— 
Marlow Pumps, Ridgewood, N. J. 

Hoists—-A full line of air and elee- 
tric hoists for handling bulk materials 
of all types is described in Bulle- 
tin 5300—-A.—Ingersoll-Rand Co., 11 
Broadway, New York 4, N. Y. 
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+++ 52 of these 
CHA PMAN 


Automatic Cone Valves 
supplied for TVA 


with clear 


To supplement its hydroelectric 
power, TVA has built a series of 
steam plants on the Tennessee and 
Ohio rivers. These new units will 
furnish power required for Atomic 
Energy and other projects. 

In this vital program, 52 Chap- 
man Automatic Cone Valves were 
utilized for these plants . . . to act 
as check valves on the condenser 
water pumps. Each of these valves 
weighs approximately 11 tons. 


opening 


Chapman designs and builds 
these valves in a range of sizes from 
6” to 48” for check, throttling, 
pressure reduction and stop valve 
service. This is only one of many 
special Chapman valves. Remem- 
ber, there’s no problem in flow 
control that’s too big or too tough 
for Chapman. 

That's why it saves time and 
money to check with Chapman first, 
every time. 


The CHAPMAN VALVE 
Manufacturing Company 
Indian Orchard, Mass. 
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DIRECTORY OF ENGINEERS 


(Continued through page 75a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS 8S. FRIEL 
Consulting Engineers 
WATER EWAGE AND INDUSTRIAL 
WASTE PROBLEMS 
AIRFIELD REFUSE INCINERATORS 
INDUSTRIAL BUILDINGS 
CITY PLANNING 
REPORT 
Suite 1509-18 
121 S. Broad St. 


VALUATIONS 
LABORATORY 


PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B, Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works 
Flood Rellef 
Disposal 


Water Purification, 

Sewerage Sewage 

Drainage, Appraisals, 
Power Generation 


Civie Opera Bullding Chicago 


(Company 


Consulting Engineers 


Water Supply, Distmbution and Treatment, In 
lustrial Waste Treatment, Bewage Collection and 
Disposal, Refuse Collection and Disposal, Drain 
age, Higt and Bridge 


Concord, N. H Boston 14 Baltimore, Md 


ANDERS@N-NICHOLS 


JOHN J. BAFFA 
Consulting Engineer 
Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 


Municipal Engineers Airport Design ewage Disposal 


Syatema W ate “ Dengn and Operation Surveys 
and Maps ng -Highway Demgn — Conatruc 
tion Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 


Investigations 


PrP. O. Box 67 Crystal Lake, Illinois 


BLACK 


SEWAGE - WATER 


4706 Broadway 


& VEATCH 
Consulting Engineers 
Evecrricity - INpUSTRY 


Reports, Des ign, Supervision of Construction 
Investigations, Valuation and Rates 


Kansas City 2, Missouri 


W.H. & L. D. BETZ 
Consulting Engineers 
Industrial Waste 
Industrial Water 

Analysis Design 
Investigations 


Gillingham & Worth Sts. 


Operation 


Philadelphia 24, Pa. 


BOGERT AND CHILDS 
Consulting Engineers 

CLINTON L. BoGertT Frep 8. 

Ivan L. Donato M, DitMaks 
A. LINCOLN CHARLES A, MANGANARO 

WILLIAM MARTIN 

Water & Sewage Works Refuse Disposal 
Drainage Flood Control 
Highways and Bridges Airfields 


624 Madison Ave., New York 22, N. Y. 


Take advantage of the services 


of these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewerage —Sewage Treatment 
Water Supply — Purification 
Refuse Disposal— Analyses 

Municipal industrial Projects 

Valuations — Reports — Designs 


110 William Street New York 7, N. Y. 


7la 
BROWN AND BLAUVELT 
Consulting Engineers 
Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 
Industrial Wastes Problema Railroads 


468 Fourth Avenue New York 16, N. ¥. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - BEWAGE.- INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES 


Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purilication, 
Valuations and Keports 


Chemical and Biological Laboratories 


112 Bast 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 


Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 EB. %b St. 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

nvestigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 5, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Kridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants-Incineration-Gas Systems 

Valuations Rates- Management 

Laboratory~City Planning 


210 E. Park Way, Pittsburgh 12, Peana. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


Municipal Industrial 
Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen 
tal Street Lighting —Paving—Light 


and Power Plants. Appraisals 


351 East Ohio St. Chicago 11, Il, 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ 
ing in sewage and industrial wastes 
treatment 


It pays to secure competent and experienced engineering advice! 
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Damon & Foster 


Consulting Ctotl Engtneers ana 
Surveyors 
Sewerage, Sewage Disposal, Water Supply 
Surve Land Subdivision, City and Town 
Planning, Report Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK DECHANT 


ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes 
»very Processes 
{ydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


te ipl Sewerage 
roads Higt 
Grade Separation—Bridges—-Subways 
Lor Pransportation 
Investigation Keports Appraisals 
Plans and pervision of Construction 


1h} North Wacker Drive 
OS Colorado Hldg 


Chicago 6 
Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 


Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 


Joun Raven W. Horne 


A. BOWMAN L. HyLanp 
"ARROLL A. FARWELL Frank L. LINCOLN 
Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports sridges—Turnplikes 
‘ort and Terminal Works—Industrial Bldgs 
BOSTON NEW YORK 


FINKBEINER, PETTIS & STROUT 


(CARLETON PINKBEIN ER Chances Perris 
K. 


Reports, Desigr er n 
W ater Water Treatment, Sewerage 
ewage Treatment, Wastes Treatment 
Valuations & Appraisal 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 


Structural - Civil - Sanitary 


Four Generations Since 1867 
Wats pl Structures; 
‘ Foundation 
Waste Disposal 
Investigation Report Plans and 
Specifieattor Supervision 


816 Howard Avenue New Orleans 12, La 


Your firm should be 
listed here 
the most complete Directory 
available of consultants specializing in 


sewage and industrial wastes treat- 


ment 


EDWARD A. FULTON 


Consulting Engineers 


Investigation Reports Valuations De 

and Construetion Water Supply and 
Purificatior Plant Sewerage and Sew 
ize Treatment Works Municipal Paving 
nd Powel Developments ; Dams and 


3209 Brown Road Saint Louis 14, Missoari 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC, 
ENGINEERS 


Dams, Water Works, Sewage, Industrial Wastes & Gar 
bage Dieposal, Highway Bridges & Airports, Traffic & 
Parking Appraisals, Investigations & Reports 


HARRISBURG, PENNA. 
Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 607 LAr. ary St. Washington 
Houston READING, PA. 


GLACE AND GLACE 
Consulting Sanitary Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 


Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


ONLY $60 PER YEAR 


the cost of a professional listing 
in this space. A card here will iden 
tiiy your firm with the = specialized 
ewage and industrial wastes field and 


vill afford maximum prestige! 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water —Sewage & Industrial Wastes —Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens C, A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
H. H. Moseley J.W. Avery F. 3S. Palocsay 
8. Ordway 
Consulting Engineers 
Water, SOWeERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS —LABOKATORIES 
leader Bidg. Woolworth Bidg. 
Cleveland 14, 0. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINEERS 
Hazen Avenen W. Sawven 
Municipal and Industrial Water Supply 
*urification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, | 
Supervision of Construction and Operation 


110 Fast 42nd Street New York 17, N. ¥. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cstees and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals 
Drainage 


Standard Bidg. Omaha 7%, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner BE. Bross 
Airports Hydraulic Engineering 
Sewerage and Sewage Treatment 
Water Supply Municipal Engineering 
Reports 


Shell Building, St. Louls 3, Missourt 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Dispx 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 


Buildings 
TROY, N. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION 8T., SAN FRANCISCO 6 


It pays to secure competent and experienced engineering advice! 
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MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning. 


1412 Park Bidg Pitteburgh 22, Pa 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, 
Designs and Appraisals 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Mun pal I ngineernng 
Industrial Buiidings 


3142 Wilshire Bivd., Los Angeles 5, Calif. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 


Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airflelds 


Statler Bullding 
Koston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. ¥. 


PARSONS, BRINCKERHOFF 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 


Water, Sewage, Drainage and 
Industrial Waste Problems 
tructures Power Transportation 


51 Broadway New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 


Process Development, Surveys & Design 


Provident Bank Bidg., Cincinnati 2, Ohio 


PIATT AND DAVIS 


WM. M. PIATT 


Water Works, Sanitary Sewers, Water Purification 


Treatment, Public Bulldings, Streets 
Power Planta, Electrical Distributior 


Reporte and Appraisa's 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 

Maicoim Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


2S West 43rd Street New York 36, N.Y. 


LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew 


age Disposal; Industrial Wastes; Investigations 


& Reporte; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. 


Paterson 1, N. 2. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 
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RIPPLE AND HOWE 
Consulting Engineers 
O. J, B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SMITH and GILLESPIE 


Consulting Engineers 


All types of 
Municipa! Public Works & 


tilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage Waterworks 
Drainage —-Flood Control 
Electric Power— Airports 


Hershey Building 
Muscatine, la. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply —Sewerage—Waste Disposal 
Bridges — Highways—Industrial Buildings 
Studies —Surveys— Reporte 


209 S. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 
Refuse Disposal, Incineration 


Industrial Developments 


151 W. Merrick Rad. Freeport, N.Y. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reporte 

Investigations and Rate Structures. 

261 Bast High Street Lexington, Kentucky 
tranch Office 


901 Hoffman Bullding Loulsville, Kentucky 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden 
tify your firm with the specialized 
sewage and industrial wastes field and 


will afford maximum prestige! 


WESTCOTT & MAPES, Inc. 
Engineers 
VALUATIONS—STUDIES— REPORTS 
DESIGN—SUPERVISION 
Industrial Waste Problems 
Utilities —Industrial Plante 
Commercial Buildings— Institutions 
Public Works 


New Haven, Connecticut 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problema, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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"ANDER TO apveRTIsERS 


Kockwell Manufacturing Company ‘Vibve Division) 


: 
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DIRECTORY OF ENGINEERS, pp. 70a-JSa 

Albright & Friel, Gresley & Hansen 
Alverd, Burdick Pg Riddle @ Sharp 
Anderson-Nichols & Company Havens and Emerson 
Bafa, Jobw J. Hasen & Sawyer 
Baker, Michael, Hen Durham & Richardson, Ine, 
Baster &  Horaer & Shifrin 
Betz, W. & te Henry & Willams 
Biack & Veatch & Hoi 
Bogert and Crildy : Rennedy, Clyde C. 
Bowe, Albertson & Morris, Inc. 

Buck, Seifert Mebus, George B. 


Buras & McDonnell Clarke & V 


be Louw, Cather & & 
lectto Rust-Proofiag Cosy, it 
Fay. & Thode Sox 


PATRONIZE one ADVERTISERS—whose support makes possible’ the pe 
‘cation of this fourmal When writing advertisers be sure to mention tes 
AND INDUSTRIAL WASTES, 


Chester Engineers, The Piatt & Davis 
Coie, Chas. W. & Som Pitnic, Meicoim, 
Consoer, Townsend &@ Purcell, Lee T, 
Damon & Foster Riddick, Thomas M, 
Freese, Nichols @ Terner > Taylor, Heary W. AR 
Fultoe, Edaard Ay ‘ Westeott and Mapes, Inc. 3 
Gannett, Fleeing Catddey Carpenter, Inc. Weston & Sampson 
Gilbert Associates, Whitman & Howard 


Every 
Proper 


How well chlorination equipment does its job depends i | 
not only on proper design but on the selection of the right 7 He 
parts and materials for every specific purpose. | 


Every part in Wallace & Tiernan equipment is designed 
to meet a particular need. Mechanical diaphragms, first used By 
WAT in 1913, are still used where accurate control is the prime 
requisite. More recently developed puncture-proof water 
diaphragms provide visibility and accessibility of control parts 
when desired. Several types of meters, including the orifice and 
manometer, the rotameter (furnished in W&T equipment as 


e early as 1917), and the pulsating types are all used for flow 
2 measurement, each employed where it best suits the purpase [087 
which it is intended. 


Since 1913, W&T Research has consistently sought oats 
new designs, principles, and materials. Every new developmen: 
is placed under rigid field tests to prove it can meet the exacting®?.” = 
standards and practical limitations that dependable 
economical chlorination. demands. ae 


When you depend on W&T equipment, you have the: = 
assurance that 40 years of experience in the chlorination flex * 3 : 
is being used to bring you the best in design, parts, and material 5 ; 
~~ selected and tested specifically to fit the need. 


Your Pirst Chote WALLACE & TIERNAN INCORPORATED 


Chierination Theat Lasts’ 


25 MAIN STREET, BELLEVILLE ©. NEW JERSEY 
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